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Abstract 


A detailed revision of the genus Trematodon Michx. is given together with a key to species, illustrations and 
distribution maps for the five species of Trematodon now recognised in Australia. Of the nine species previously 
recorded for Australia, one species, T’ amoenus (Miull.Hal.) I.G.Stone & G.A.M.Scott is endemic while T: flexipes 
Mitt., T! mackayi (R.Br.bis.) Broth. and T. suberectus Mitt., occur in Australia and New Zealand. Three species 
previously considered Australian endemics, T: baileyi Broth., T. brachyphyllus Mull.Hal. and T. longescens Mull. 
Hal., are now considered conspecific with the widespread T! longicollis Michaux, the type species for the genus. 


Introduction 


Based on molecular studies by La Farge et al. (2002), the morphologically heterogeneous family Dicranaceae 
was found to be polyphyletic and several subfamilies, including Trematodontoideae, were excluded. The now 
segregated family Bruchiaceae (Buck 1979; Buck and Goffinet 2000; Goffinet et al. 2004, 2009, 2012), contains 
five genera: Bruchia Schwagr., Cladophascum Dixon, Eobruchia W.R.Buck, Pringleella Cardot and Trematodon 
Michx, of which only Bruchia and Trematodon occur in Australia. The family Bruchiaceae includes small mosses 
that commonly occur as colonists on soil, and are often overlooked. In the absence of mature sporophytes, they 
are difficult to identify with any certainty. 


Worldwide, the genus Bruchia includes about 58 names of which 20 are currently recognised, with 25 requiring 
verification, while 13 are considered illegitimate (TROPICOS accessed 2017). Rushing (1986) recognised 
15 species and excluded ten. Stone and Scott (1973) transferred Bruchia whiteleggei Mull.Hal. to synonymy 
with Eccremidium whiteleggei Broth., Bruchia minuta Mitt. to synonymy with Eccremidium minutum (Mitt.) 
I.G.Stone & G.A.M.Scott, and transferred Bruchia amoena Mill.Hal. to synonymy with Trematodon amoenus 
(Mull. Hal.) 1.G.Stone & G.A.M.Scott. 


In Australia, Bruchia is currently represented by B. brevipes Harv. ex. Hook. and B. queenslandica I.G.Stone (syn. 
B. foveolata Magill.) both of which occur in southern Africa (Magill and Schelpe 1979), while B. queenslandica 
is recorded from California and north-western Mexico (Crum 1994). In addition, a putative new taxon is 
recorded from Queensland. A revision of Bruchia in Australia will be published separately. 
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Although the genus Trematodon includes 160 names worldwide, only 25 species are currently recognised 
[TROPICOS accessed September 2017]. Nine species are listed for Australia (Streimann and Klazenga 2002), 
of which T. flexipes Mitt., T: mackayi (R.Br. bis) Broth., and T. suberectus Mitt., are also found in New Zealand 
(Fife 2016). 


In the current treatment, type specimens have been examined and illustrated where possible. A number of 
Trematodon species previously considered endemic to Australia (e.g., T. baileyi Broth., T: longescens Mull.Hal. 
and T. brachyphyllus Mull.Hal.) were transferred to synonymy with T:! longicollis (Ramsay et al. 2018). 


Family Bruchiaceae Schimp. Corollarium Bryologiae Europaeae 6. 1856. 
Type: Bruchia Schwagr., Sp. Musc. Frond., Suppl. 2: 91. 1824. 


Dioicous or autoicous. Plants minute to small, yellowish-green, gregarious to densely tufted, on soil. Stems erect, 
simple or branched; central strand present. Rhizoids smooth, short, restricted to stem base. Leaves small below, 
becoming larger above, mostly lanceolate-subulate, straight or + flexuose, erect-spreading when moist; upper 
leaves with a broader, oblong or oblong-ovate base, alar cells not differentiated, margin of subula partially to 
fully bistratose, apex often denticulate with projecting cell ends; laminal cells subquadrate to rectangular or 
oblong linear, lower laminal cells longer and broader, becoming narrower towards the margins, those of basal 
angles not differentiated or forming a marginal border, distal cells short- to long-rectangular, firm-walled; 
costa single, well-developed, sub-percurrent to shortly excurrent, in section poorly differentiated or with 1 row 
of guide cells and 2 bands of sub-stereids, the adaxial band much reduced. 


Perigonia gemmiform at base of stem. Perichaetia terminal, perichaetial leaves either similar and not much 
differentiated from stem leaves or much larger with a long wide base and a long erect to flexuose subula. Seta 
short to long. Calyptra mitrate (Bruchia, rarely in Trematodon) or cucullate (Trematodon); operculum, not 
present (Bruchia), or conic to obliquely long-rostrate (Trematodon). Capsule immersed to exserted, cylindric 
or obovate with a distinct inflated-tapering to long neck slightly shorter than, equal to or much longer than 
the urn, erect to curved; cleistocarpous, gymnostomous or peristomate; annulus, where present, usually of 2-3 
rows of larger cells, usually revoluble; peristome absent in Bruchia, in Trematodon occasionally absent or of 16 
well developed simple, forked or perforate teeth, vertically barred, and papillose. Spores small to large, finely to 
coarsely papillose, baculate, spiculate, reticulate or pitted. 


Chromosome numbers in Bruchia include n=14, 15, 16, 28 and 30 while those reported for Trematodon are 
n=14, 15 and 28 and 30. Almost all data are from North America and include 1-2 m-chromosomes in a 
number of species as well as polyploidy in both genera (Fritsch 1991). 


Key to the Australian genera of Bruchiaceae 


1. Capsules cleistocarpous, immersed to short-exserted, neck CONIC tO OVALE 0... ee eeeceseeeeesseeseeeseees Bruchia 


1: Capsules peristomate, or rarely cleistocarpous or gymnostomous, exserted on a long seta, 
HECK COMIS TOUGH E= Cy INTIS Lahaye vat cons fess toncdonplocelattaseleandulataleneterirateegneaedeqesagelsned soni vert eesyerua tess tes Trematodon 


Trematodon Michx. Fl. Bor.-Amer. 2: 289 (1803). 
Type: Trematodon longicollis Fl. Bor.-Amer. 2: 289 (1803). 


Plants 1.0-7.0 mm long, loosely tufted to gregarious, light-green or yellowish; stems branched or unbranched, 
with rhizoids at base. Leaves short and scale-like at stem base, becoming rapidly longer above with a broad 
sheathing oblong-ovate base narrowing gradually or abruptly to an acuminate subula, subula erect or +/- 
contorted or crispate when dry; margins entire or with a few teeth near apex, unistratose in base but in 
subula partially or fully bistratose in some species. Costa subpercurrent to excurrent. Distal laminal cells short 
rectangular, longer and broader in sheathing base. 


Perichaetial leaves distinctly larger than stem leaves, subulate from a sheathing base. Setae elongate, straight or 
flexuose 5-40 mm long. Calyptra usually cucullate in most species except T. mackayi. Capsules erect or curved, 
short to long-exserted, cylindric with a strongly differentiated conic to long-cylindric neck (apophysis) often 
strumose at base; peristome single or lacking, when present of 16 simple, forked or perforate teeth, vertically 
striolate on outer surface. Operculum obliquely long-rostrate. Spores (15—)20-30(-70) um in diameter, finely 
to coarsely papillose or verrucose. 


Distribution and Ecology: Trematodon occurs worldwide, mainly in temperate regions but extending 
poleward at least into the subantarctic region. The genus is a terrestrial coloniser of soil, earth banks or soil 
over rock, similar in habit and foliation to Dicranella, with which it may be found intermixed. 
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Recognition: Trematodon differs from Dicranella in sexuality, being mostly autoicous rather than dioicous, and 
has a distinctly different sporophyte. The apophysis or neck of the capsule is elongate and frequently strumose 
at the base. The neck varies in length relative to the urn both within and between species, is photosynthetic 
and appears to elongate prior to urn development and spore production. 


Notes: Chromosome numbers have so far been reported for 6 species of Trematodon from North America and 
India with T. longicollis, the Type and most widespread and variable species, having a range of chromosome 
numbers with n=14, n=15(14+m), and including polyploids, n=28 and n=28+2m (Fritsch 1991). Chromosome 
numbers for additional species from Australia in Ramsay (2009, 2011) are: n=14 for T. flexipes and n=14 
for T. suberectus from New Zealand and Australia. Counts reported for the species T. baileyi (n=14) and 
T. longescens (n=15 (14+m), both now considered synonymous with T! longicollis, are thus referrable to it 
(Ramsay et al. 2018). 


A worldwide revision is needed to clarify the taxonomy of the genus Trematodon, but is beyond the scope of 
this treatment. While treatments exist for specific regions e.g. North America (Crum and Anderson 1981, 
Zander 2007), South Africa (Magill 1981), Japan (Noguchi 1987, Iwatsuki and Suzuki 2006), Malesia (Eddy 
1988), Papua New Guinea (Norris and Koponen 1990), New Caledonia (Tixier 1986, Thouvenot and Bardat 
2010, 2013), China (Cao and Gao 1988) and India (Gangulee 1987, Schwartz 2014), this is the first treatment 
of the genus for Australia. 


The gametophytes of many Trematodon species are similar and there are few apparent features to separate 
species in the absence of sporophytes. Cao and Gao (1988) indicate that reliable gametophyte characters for 
differentiating species are the relative width of the costa in the subula and the cell structure in the margins of 
the base and subula in both stem and perichaetial leaves. In addition, Ramsay et al. (2018) showed that leaf and 
costal anatomy are significant characters. 


The early Australian collections of Trematodon held at the National Herbarium of New South Wales (NSW) 
were mostly identified by Brotherus. His key (Brotherus 1924:176) emphasised sporophytic features such 
as peristome, spore size, length of capsule relative to the urn, and whether or not the capsule was strumose. 
In this work species were assembled into groups. Within these groups almost identical species from distant 
geographical localities are included under different species names. For example, along with other taxa, he 
synonymised T: brachyphyllus Mull.Hal., T’ cheesemanii Mull.Hal. and T° integrifolius Mull.Hal., distinguishing 
them from T! suberectus Mitt., based on the length of the capsule versus the urn. Brotherus (1924) distinguished 
T: longescens Mull.Hal., together with T. pallidens Mull.Hal., T: drepanellus Besch., T. megapophysatus Mull.Hal. 
and T: hookeri Mull.Hal., from the group of taxa which included T° longicollis Michx. and T! baileyi Broth. (as 
T: braileyi sic.) based on presence or absence of a struma. However, such groupings have limited use and are not 
followed here due to considerable variation in seta, neck and urn length and presence or absence of a struma. 


Taxonomic identification relies primarily on sporophyte characters, particularly features of the capsule urn 
and neck and their relative lengths, and the size and structure of the peristome teeth where present and range 
of spore size (Brotherus 1924, Cao and Gao 1988, Iwatsuki and Suzuki 2006). The characteristic Trematodon 
capsule has an urn with neck (apophysis) which is variable in length, from short to very long, in different 
species. There is also considerable variation within a taxon and considerable between-taxon overlap in 
dimension of the ratio of neck to urn, rather than capsule to urn as used by Brotherus (1891). Development of 
a struma at the base of the neck varies within and between species and is unreliable as a taxonomic character. 
Most species are annulate, have a long-rostrate operculum, and when present the peristome consists of 16 flat, 
deeply divided and often asymmetrically bifid, mostly perforate teeth. Peristome teeth are absent in T. amoenus 
(Broth.) I.G.Stone & G.A.M.Scott, reduced or absent in T. mackayi (R.Br.bis) Broth. and variable in T! flexipes 
Mitt. Spores differ between species from small to large, usually with baculate-verrucose ornamentation. 
Identification of species is difficult, but capsule and spore dimensions and cross-sectional anatomy of the leaf, 
in both the base and subula, may yield the most reliable features. Ornamentation of spores is a significant 
character in the genus Bruchia but less so in Trematodon. 


Key to Trematodon species in Australia 


l.. Peristome reduced-to.a short membrane Or CyMNOStOMOUS: ceecccccccccsicersevedeeeieorsuseteredssusthaecisesssesdsanintetsiosaiwes 2 
i “Peristomeswell evel Opec et actensncane send ecdturtran ite ine nddooddoadh USM et tent ont marl noel nad end henduerdnerdaecnteenseent tot eon i 3 


2. Plants minute, <1.0 mm; seta very short; capsule often cleistocarpous; spores small, 
25-90 Lim-diainis fiiely OrMainiented) 4.233. 2ch. te Bccteavn cued et bled Mee hs War lrnedeacteotteatiens 1..Trematodon amoenus 
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2: Plants larger, >2 mm; seta long exserted; capsule with peristome teeth reduced to a 
membrane scarcely exceeding the rim or gymnostomous; spores large, > 45 um diam., 
SRAESE] VHORIMATITE ILS CI 555 aitceg bvty bvteckailed ate nad saa ahaa se Sue ody Sa des iar anautued aha sh els bth 4. Trematodon mackayi 


3. Neck of capsule more than twice (sometimes as much as 3-4 times) as long as urn; 
costa occupying up to half width of the upper leaf subula oe eeeeeeeee: 3. Trematodon longicollis 


3: Neck of capsule equal in length to urn or, if longer, no more than twice as long; 
costa occupying +/- entire width of upper part of the leaf subula oe cessesseseeseeseesecseeeeceeeeeeeeeeneeeens 4 


4. Neck of capsule and urn equal in length; peristome teeth short, mostly reflexed when dry; 
leaf margins unistratose throughout or bistratose only in the upper part of the subula 
aaazaectslds balla, na Rina vaste cctectceetaaton See ee Mattei ot nah nch-wnceaactaaceestiast actica cad careenceseessedheon ies 2.. Irematodon flexipes 


4: Neck of capsule longer than urn but no more than twice as long; peristome teeth long 
and erect when dry; leaf margins unistratose in base and bistratose in the subula 
ssanshadableateadinca wasuaesiers co team tncsant teat tutntetedcencoruceneoermentitie ere itvedvedinestttettiatacsnamesaihs 5.. Trematodon suberectus 


1. Trematodon amoenus (Miull.Hal.) I.G.Stone & G.A.M.Scott, J. Bryol. 7: 603 (1973). 

Basionym: Bruchia amoena Mull.Hal. Flora 71:11 (1888). 

Type citation: Patria. Australia, New South Wales, Mossvale: Whitelegge Nvbr. 1884. Hb. Melbourne No. 138. 
Type: Near Fitzroy Falls, 8 Nov 1884, T. Whitelegge 138 (holotype: MEL 0029254A!; isotype: NSW 294667!) 


Autoicous. Plants small, gregarious forming dense patches. Stems erect, 0.5-1.5 mm, branched or unbranched, 
in section with central strand of small thin-walled cells, cortical cells not differentiated. Leaves at stem base 
ovate-lanceolate with a short subula; upper leaves gradually long-subulate from an ovate base, subula 1-2 
times as long as base; costa narrow in base, filling upper subula, subpercurrent, in cross section with a median 
row of guide cells and weakly differentiated to small adaxial and abaxial stereid bands, near the leaf insertion 
consisting of a median stereid band and differentiated adaxial and abaxial epidermal layers; leaf margins mostly 
unistratose, occasionally bistratose near apex of subula; apex weakly denticulate. Lamina cells elongate and 
thin-walled throughout; those of subula irregularly hexagonal, rhomboid or rectangular and 2—4:1, becoming 
broader and longer below the subula and elongate, 5-10:1 in the base. 


Perigonia gemmiform, terminal on short basal shoots. Perichaetia terminal. Perichaetial leaves with a long, 
ovate base gradually tapering to a long subula twice as long as base; costa filling upper subula. Setae short, 
1-3 mm long. Capsule small, 1.0-1.5 mm, cleistocarpous, slightly exserted, orange when mature, with a 
short neck +equal to urn, weakly strumose; operculum conic, with a straight, erect rostrum equal in length to 
urn, often deciduous; annulus variable, conspicuous, of very thick-walled cells or reduced or absent. Spores 
25-38 um, coarsely baculate-verrucose. Chromosome number unknown. Figure 1. 


Distribution and Ecology: Trematodon amoenus is endemic to Australia: New South Wales and Victoria, 
Map 1. Trematodon amoenus is a tiny moss of silty soils, rotting logs and tree roots, in higher altitude regions, 
sometimes forming large patches, made conspicuous by the massed orange capsules. 


Recognition: When fruiting, T’ amoenus is readily distinguished by its small size, short seta, a capsule which 
opens irregularly, lack of a peristome, and a capsule neck that is more or less the same length as the urn. While the 
neck to urn ratio is about equal, this feature is also present in some other species and the ratio does not, therefore, 
provide an unequivocal means of separating species. The most reliable features for distinguishing the species are a 
combination of tiny plants each with a short seta; capsule held more or less erect on the seta and not arcuate; neck 
and urn more or less equal in length; absence of peristome. Other features found in Australian species include 
spores with a diameter of 25-32 um, about middle for the spore diameter range of the genus; marginal cells are 
mostly unistratose in the leaf base and subula and the costa fills the upper subula but is narrow in the leaf base. 


Notes: This moss was originally described as a species of Bruchia but was transferred to Trematodon by Stone 
and Scott (1973) because the operculum is sometimes dehiscent. 


Representative specimens examined: NEW SOUTH WALES: Central Tablelands: Neates Glen, Blackheath, 
33°37'S 150°17E, 4 Jan 1911, WW. Watts NSW10145 (NSW 754625); Southern Tablelands: Fitzroy Falls, 
34°39'S 150°29 E, 1 Nov 1884, T: Whitelegge s.n. (NSW 754623); 34°38'S 150°28'E, 1 Nov 1886, T: Whitelegge 
s.n. (NSW 754628); Southwest Slopes: Kosciuszko National Park, near Thredbo chairlift, 36°29'S 148°17'E, 
13 Jan 2002, A.J. Downing, D. Meagher and K. Clarke s.n. (NSW 606395). VICTORIA: Snowfields: Mt Baw 
Baw, 37°49'S 146°16°E, 1Dec 1952, T: Dakin s.n. (MEL 1046861A); East Gippsland: Boggy Creek, Omeo, 
37°04'S 147°34E, 27 Apr 1975, I.G. Stone 10773 (MEL 2198165B); 37°04'S 147°25E, 27 Apr 1976, I.G. Stone 
11499 (MEL 2203229A). 
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Figure 1 Trematodon amoenus 


PEL | | | 
1.0 mm plant 100 um, cells, sections 100 ym, spore 


Fig. 1. Trematodon amoenus. A, B. Fruiting plants; C, D. Stem leaves; E, F. Perichaetial leaves; G. Cells of leaf apex; H. 
Cells of shoulder region of perichaetial leaf; I. Cells of shoulder region of stem leaf; J, K. Transverse sections of leaf subula; 
L. Transverse section of leaf shoulder region; M-O. Sections of sheathing leaf base; P. Stem section; Q. Spores. Scale bars: 
1.0mm for plants and leaves; 100um for cells, sections and spores. 


Drawn from W.W. Watts 10145 (NSW 154625) 
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2. Trematodon flexipes Mitt. in Hook.f., Flora Tasmaniae 2: 173, 172 f.6 (1859). 
Type citation: Australia: Tasmania, Cumming’s Head, Western Mountains (no date) W. Archer s.n. 


Type: Australia: Tasmania, Cummings Head, W. Archer s.n. (holotype: NY-Mitten; isotypes: HO 73656!, HO 
73657!, WELT MO 1289). 


=Trematodon alpinus J.H.Willis, Victorian Naturalist 72: 5-11. (1955) fide van Zanten 1971: p. 184-185, 187 
Fig. 4 (la-f). 


Type citation: New South Wales: Mt Kosciuszko, Jan 1899, W. Forsyth 189. 

Type: Merritts Camp, Mt Kosciuszko, Jan 1899, W. Forsyth 189 (holotype: MEL 32675!; isotype: NSW 299422!). 
=Trematodon pygmaeus Broth. in Willis, ].H. Victorian Naturalist 72: 10. Fig. G-N (1955), nom. inval. 

Type citation: New South Wales: Mt Kosciuszko, Jan 1899, W. Forsyth 189. 


[Willis (1955) published T. pygmaeus as a separate species, but it is invalid by reason of being linked to the 
same type as for T. alpinus (MEL 32675!)]. 


Illustrations: Wilson in Hooker (1859:172, Fig. 60); Sainsbury (1955: plate 14, Fig. 2); Seppelt (2004: Fig. 35, 
p.91); van Zanten 1971 Fig. 4 (la-f): Fife 2016, Plate 1 (G - L). 


Dioicous or rhizautoicous. Plants small, forming gregarious patches. Stems 1-4 mm tall, unbranched or 
occasionally branched by innovation. Stem leaves erect-spreading, entire; basal leaves small, 1.0 mm or less; 
upper leaves entire with a concave, strongly sheathing ovate base abruptly tapered to a long, +/- straight, 
narrow subula twice as long as base, +/- contorted when dry; costa narrow but well-defined below, usually 
filling upper part of the subula, margins entire, unistratose throughout or sometimes bistratose near the apex 
of the subula, apex +/- denticulate; leaf costa in section with abaxial band of smaller stereids in base and lower 
subula, upper subula with central row of deuters. Lamina cells of subula short, mostly irregularly rectangular 
to rhomboid or irregularly hexagonal, 1-—3:1, becoming longer in sheathing base, 4—10:1. 


Male plants clustered near base of female. Perichaetia terminal. Perichaetial leaves larger than stem leaves; 
subula twice as long as base; basal cells long rectangular, thin walled. Calyptra cucullate or occasionally mitrate, 
covering operculum and upper part of urn. Setae short, stout, 2.0-5.0 mm long, flexuose, pale. Capsules erect 
to suberect, obovoid; urn ca. 1.0 mm long; neck slender, equal to urn in length, strumose; neck:urn ratio 1:1; 
exothecial cells oblong polygonal; operculum conic, obliquely rostrate, rostrum almost as long as urn; annulus 
usually persistent, revoluble, of 2-3 rows of enlarged thin-walled cells. Peristome variable in development, 
teeth 16, triangular to short lanceolate, reflexed when dry, short, 150-250 um, mostly split or perforate 
halfway to base, sometimes undivided, coherent at base but free above, indistinctly striolate on upper half of 
outer surface, weakly papillose below; basal membrane high. Spores 26-38 um, coarsely baculate-verrucose. 
Chromosome number n=14 (Ramsay 2011). Figure 2. 


Distribution and Ecology: In Australia known from New South Wales, Victoria, Tasmania, Macquarie Island. 
It is also found in New Zealand and some Subantarctic Islands (Seppelt 2004) such as Marion (Zanten 1971) 
and Prince Edward Islands (Ochyra and Gremmen 2004; Ochyra 2008). Distribution in Australia, Map 2. In 
Australia, T. flexipes is a small, mainly alpine species found on disturbed soil. 


Recognition: The species is well defined and distinguished from other Trematodon species in Australia by 
its habit, short seta with exserted capsule, and the more or less erect capsule with neck and urn about equal 
in length. The extent of division of the peristome teeth varies even within a single capsule. The leaf subula is 
mostly straight rather than flexuose. In both stem and perichaetial leaves the costa usually +fills the subula 
and the margins are mostly unistratose throughout, although Seppelt (2004) illustrates the upper subula as 
sometimes bistratose in Macquarie Island specimens. 


Anatomically and morphologically the taxon bears a close resemblance to T: amoenus but differs primarily in 
the size of the plants, seta length and absence of peristome. This range of variation in morphological features 
is present in other species such as T: longicollis. The relationship between T: amoenus and T: flexipes warrants 
further investigation and should the two taxa prove to be the same species, T. flexipes would take precedence. 


Notes: After van Zanten examined the types of both T° flexipes and T: alpinus and compared them with 
specimens of T! flexipes on Marion Island, he reduced T! alpinus to synonymy of T: flexipes (van Zanten, 1971: 
p. 184-185, 187 Fig. 4 (la-f). When Willis (1955) described T. alpinus, he wrote on the herbarium sheet “very 
close to T! flexipes and possibly only a form of it’. Scott & Stone (1976: 64) also considered T. alpinus as a 
minute alpine form of T. flexipes with an identical range of spore size. 
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Figure 2 Trematodon flexipes 


1.0 mm, plant 100 pm, cells, sections 100 um, spore 


Fig. 2. Trematodon flexipes. A. Fertile plant; B—D. Stem leaves; E-G. Perichaetial leaves; H. Cells of leaf apex; I. Cells 
of shoulder region of stem leaf; J, K. Transverse sections of leaf subula; L. Transverse section of shoulder region of leaf; 
M, N. Sections of leaf base; O. Stem section; P. Peristome teeth; Q. Stomate from capsule urn; R. Stomate from capsule 
neck; S. Annular cells; T. Spores. 


Scale bars: 1.0mm for plants and leaves; 100um for cells, sections and spores. 


Drawn from W. Archer (HO 73656). 
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Representative specimens examined: NEW SOUTH WALES: North Coast: Seal Rocks, 32°25'51°S 
152°3041°E, 27 Sep 2006, A.J. Downing s.n. (NSW 749532, MQU); Southern Tablelands: Mt Kosciuszko, 
36°25'S 148°19'E, 2 Feb 1968, W. Weber B-29800 and D. McVean (as T. alpinus) (CANB 191568); Merritt's 
Camp, Mt Kosciuszko, 36°28'S 148°18E, Jan 1899, W. Forsyth 189 (as T: alpinus/T. pygmaeus) (NSW 299422). 
AUSTRALIAN CAPITAL TERRITORY: Angle Crossing, Murrumbidgee River, 35°35'S 149°06E, 11 Mar 
1962, N.T. Burbidge 7314 (CANB 115111.1). VICTORIA: Eastern Highlands: Mt Baw Baw, 37°49'S 146°16E, 
1463.04 m., 20 Mar 1951, J.H. Willis s.n. (MEL 1031385A!); Mt Hotham, 36°58'S 147°07'E, 1828 m, 12 Feb 
1966, J.H. Willis s.n. (MEL 1007573A); Snowfields: Bogong High Plains, 36°52'S 147°18'E, 2 Feb 1974, I.G. 
Stone 7905 (MEL 2167845A); Mt Buffalo, 36°43'S 146°46'E, 1402 m, 31 Dec 1952, R. Melville (MEL 69627A!); 
Bogong High Plains, Mt Cope, 36°55'S 147°16E, 1706.88 m, 21 Jan 1952, C. Skewes s.n. (MEL 0032674A); 
Otway Range: Lavers Hill, Colac-Otway, 38°40S 143°22’E, 26 Nov 1961, J.H. Willis s.n. (MEL 2056953A). 
TASMANIA: Ben Lomond: North Tasmanian Alpine Club, Ben Lomond National Park 41°32'S 147°30E, 
Feb 1967, D. McVean 267138 (CBG 9211721.1); Macquarie Island: 2 km S of Green Gorge, 10 Jan 1980, R.D. 
Seppelt 20362 (MEXUBR). 


3. Trematodon longicollis Michx., Flora Boreali-Americana 2: 289 (1803). 

Type citation: “In arenosis Carolinae” 

Type: n.v. (not located). 

=Trematodon baileyi Broth., Ofvers. Férh. Finska Vetensk.-Soc. 33: 91-92 (1891). 

Type citation: Patria, Queensland, Mulgrave River, ubi in terra anno 1889 legit EM.Bailey. 


Type: Mulgrave River, Mt Bellenden Ker, 1889, EM. Bailey Hb652 (lectotype designated by Ramsay et al. 
(2018): H-BR 4270023! isolectotypes: BRI AQ 722014!, NSW 755030!). Residual syntype: EM.Bailey Hb 670 
(H-BR 4270021!, NSW, BRI). 


=Trematodon brachyphyllus Mull.Hal., Hedwigia 37: 109 (1898). 

Type citation: “Australia Tropica, Queensland: EM.Bailey s.n. in Hb. Brotheri. 
Type: Australia Tropica F.M.Bailey, Hb233 (holotype: H-BR 4270022!) 
=Trematodon longescens Miull.Hal., Hedwigia 37: 109 (1898). 


Type citation: Australia, New South Wales, Sydney: Domina Kayser in Hb. Geheeb 1872; Richmond River: 
Capt. Stackhouse in Hb. Melbourne 1881; Queensland, Brisbane, FM.Bailey in Hb. Brotheri 1881. 


Type: Queensland, Moreton, Beenleigh, Brisbane, C.J. Wild Aug 1887 (E.M.Bailey Hb. 440) (lectotype designated 
by Ramsay et al. (2018): H-BR 4274008!; isolectotype: BRI AQ733989!). 


Epitype (designated by Ramsay et al. 2018): New South Wales, Murwillumbah, Sep 1900, T’ Forsyth 656 (NSW 
754640!) 


Note: The epitype in Ramsay et al. (2018) was incorrectly cited as NSW 754650 in the type data, but was 
correctly cited later in the text. 


Illustrations: Bartram (1939: plate 2, Fig. 26); Fleischer (1927, 1977): p. 296, Fig. 49 a-e as T! acutus); Crum 
and Anderson (1981: p.163, Fig. 67 H-L); Magill (1981: p.116, Fig. 21-29, 30); Kumar (1985: 15, plate III); 
Gangulee (1987: 232, Fig. 106); Eddy (1988: 106, Fig. 98 a-f)) Cao and Gao (1988: 325-326, 328, Figures 1-3); 
Norris and Koponen (1990: 5-9): Fig. 1 a-g; Zander (2007: 436). 


Autoicous. Plants small to medium sized, in loose yellow-green tufts. Stems simple, 1-8 mm long. Leaves small 
and scale-like below, becoming progressively larger above, 1.0-3.0(-8.0) mm long, erect-spreading, +flexuose 
when moist, from an ovate-oblong sheathing base 1.0-2.0 mm long, contracting gradually or abruptly to a 
broad flexuose channelled subula 2.0-6.0 mm long, subula contorted or crispate when dry; apex denticulate; 
margins unistratose in base, bistratose to occasionally tristratose patches in subula; lamina cells in subula and 
upper part of sheathing base +irregular in outline, subquadrate, quadrate, short-rectangular to irregularly 
hexagonal, +tequidimensional to ca. 3 by 1, becoming more elongate and broader to ca. 5-10 by 1 in leaf 
base, thin-walled throughout; costa narrow throughout, occupying ca. 1/3 width of subula, subpercurrent, in 
section with weakly defined adaxial and abaxial bands of substereid cells. 
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Figure 3 /rematodon longicollis 


| | | | | 
1.0 mm, plant 100 um, cells, sections 100 um, spore 


Fig. 3. Trematodon longicollis. A. Fruiting plant B. detached capsule; C-D. Stem leaves; E. Perichaetial leaf; F. Cells of subula 
margin; G. Cells of shoulder region of leaf base; H. Cells of leaf base; I-K. Transverse sections of subula; L-M. Transverse 
sections of basal part of leaf from near point of attachment; N. Section of costa; O. Stem section; P. Spores. 


Scales: 1.0mm for plants and leaves; 100um for cells, sections and spores. 


Drawn from Japan: Musci Japonicae Exsiccatae Ser. 21. No. 1048 (Hattori Botanical Laboratory); also see as figures 1-5 
in Ramsay et al. (2018). 
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Perigonia terminal on short lateral branches. Perichaetia terminal. Perichaetial leaves larger than stem 
leaves, 5.0-8.0 mm long, subulate from an elongate ovoid sheathing base, subula 1-3 times longer than base, 
+crispate when dry. Setae slender, erect to +flexuose, 8.0-30.0 mm long. Calyptra cucullate. Capsule slender, 
arcuate, 5.0-7.0 mm long, urn oblong-cylindric, neck 2-2.5x length of urn, +twisted when dry, strumose at 
base, stomata confined to neck; exothecial cells rectangular, 3-7 by 1, with thick curved lateral walls; annulus 
compound, revoluble, of 2-3 layers of rectangular enlarged cells; operculum from a conic base obliquely long- 
rostrate, the rostrum often as long as urn; peristome single, teeth reddish, linear-lanceolate from a low basal 
membrane, 330-430 um long, deeply cleft into two filaments or joined and perforate, margins pale papillose, 
tips of filaments often joined, pale whitish. Spores subreniform to rounded, baculate-verrucose, lacking a trilete 
scar, 15-25 um in diameter. Figure 3. 


Distribution and Ecology: Trematodon longicollis has been reported from Europe, North, Central and South 
America, Asia, Africa, India, Malesia, Papua New Guinea and Australia. Known in Australia from Western 
Australia, Queensland, New South Wales, Victoria. Distribution in Australia: Map 3. It is a gregarious species 
of damp and disturbed soils of exposed banks and soil over rock. 


Recognition: The species, as presently circumscribed, is morphologically plastic (Bartram 1939; Gangulee 
1987; Noguchi 1987; Eddy 1988; Cao and Gao 1988; Iwatsuki and Suzuki 2006; Zander 2007) with some 36 
taxa included as synonyms (TROPICOS) and additional synonyms recently proposed by Ramsay et al. (2018). 


Only limited detail is given in the protologue of T. longicollis. However, the species has been illustrated for 
eastern North America, the type region, by Crum and Anderson (1981) and Zander (2007). Illustrations by 
Cao and Gao (1988) reveal the wide range of variation found in capsules, seta length and leaves in Chinese 
collections. They concluded that seta length, leaf size and shape and whether or not the leaf subula arose 
abruptly or gradually from the sheathing base, were all unreliable identification features. The most reliable 
identifiers were found to be the ratio of capsule neck to urn length and the costa not occupying the full subula 
width. More recent coloured illustrations from India (Schwartz 2014: plate 1 p3; Fig. 1-10 p. 8) demonstrate 
the major important features while new details in leaf cell structure, not discussed elsewhere, are presented by 
Ramsay et al. (2018: Figures 1 and 7). 


Notes: Over 100 unnamed Trematodon collections, mostly made by Ilma Stone, were examined from Australian 
herbaria (NSW, MEL, BRI, HO), together with all specimens previously named as T: baileyi, T. brachyphyllus or 
T: longescens. These three Australian taxa, previously considered as endemic (Streimann and Klazenga 2002), 
are morphologically very similar to T: longicollis but had not been critically appraised since their original 
description until the type specimens were examined and illustrated for the first time. As a result, these have 
been transferred to synonymy with T:! longicollis (Ramsay et al. 2018). 


Representative Australian specimens examined: WESTERN AUSTRALIA: Fitzgerald: Halls Creek, Samim 
mining camp, 19 km E of Osmond Valley Palms Yard, 17°1425'S 128°26E, 15 May 1984, E.A. Chesterfield 237 
with J.H. Willis and S.J. Forbes (MEL 1047743A, PERTH) (sterile as T! acutus). QUEENSLAND: North Kennedy: 
Mt Bellenden Ker, 17°16 145°51E, 1 Aug 1979, I.G. Stone 15625 (MEL 2226248A); Mulgrave River, Mt Bellenden 
Ker, 17°30'S 145°30E, 1889, EM. Bailey Hb652 [as T! baileyi] (BRI AQ0722014); Kennedy Highway 32 km NE of 
Mareeba 5 km SW of Kuranda, 16°50'S 145°35'E, 26 Apr 1984, S.P Churchill 12519 (CBG 9211738.1!); Rainforest 
Lodge, Kuranda, 16°49'S 145°38E, 6 Jul 1994, R.G. Coveny 16763 (NSW 775075); Cook: Cape Tribulation, 16°04'S 
145°28'E, 28 May 1984, I.G. Stone 21950, (MEL 2262570A); Crystal Cascades, Cairns, 16°55 145°46E, 31 Aug 
1980, I.G. Stone 16757 (MEL 2237987A); Moreton: Mt Coot-tha, 27°28'S 152°57E, 3 Aug 1983, I.G. Stone 20943 
(MEL 2258208A!). NEW SOUTH WALES: North Coast: Murwillumbah, 28°19'S 153°23'E, Sep 1900, T. Forsyth 
656 [epitype of T: longescens| (NSW 754640); Myocum, Brunswick River, 28°36'S 153°31'E, Sep 1897, W.W. Watts 
s.n. (MEL 29261A) (as T: adequans renamed as T. baileyi by 1.G. Stone in 1976); Central Tablelands: Grose Vale, 
Berringa Lodge 6 km SSW of Kurrajong, 33°35'47'S 150°38'43'E, 25 Sep 2001, V. Stajsic and N. Klazenga VS 2863 
(MEL 2138621) (as T: longescens); Grose Vale, 33°35'55'S 150°3845'E, 25 Sep 2001, R.G. Coveny 18931 (NSW 
795414!). VICTORIA: Eastern Highlands: Austraflora Nursery, Montrose, 37°48'2'S, 145°2038°E, 15 Sep 1977, 
I.G. Stone 14411 (MEL 2219455A). 


4. Trematodon mackayi (R.Br.bis) Broth., Die Nattirlichen Pflanzenfamilien 1(3): 292 (1901). 
Basionym: Stirtonia mackayi R.Br. bis. Trans. N.Z. Institute 32: 149 (1900). 
Type citation: New Zealand, Stewart Island, Jun 1889 or Jan 1892, R. Brown s.n. holotype: CHR 330901. 


Type: Stewart Island, Jan 1892, R. Brown s.n., (lectotype (designated by Fife 2016): CHR 330901, subtype or 
isolectotype: WELT MO 212581). 
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Figure 4 Trematodon mackayl 


| | | | | | | | | | 
1.0 mm, plant 100 um, cells, sections 100 um, spore 


Fig. 4. Trematodon mackayi. A. Fertile plant; B. Capsule with operculum; C-F stem leaves; G-—I. Perichaetial leaves; J. Marginal 
cells of leaf subula; K. Cells of leaf shoulder region; L—-N. Transverse sections of leaf subula; O-Q. Transverse sections of leaf 
base; R. Stem section; S. Capsule mouth showing reduced peristome and upper exothecial cells; 'T. Stomate at base of capsule 
urn; U. Annular cells; V. Spores. Scales bars: 1.0mm for plants and leaves; 100um for cells, sections and spores. 


Drawn from: W. Forsyth 14, ii.1902 (NSW 755021) (Figs A-S, U,V); T’B. Moore iii.1900, in Hb. W.A. Weymouth (HO 
73687) (Fig. T). 
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=Trematodon weymouthii E.B.Bartram & Dixon, Botaniska Notiser 1937: 65 (1937). 


Type citation: Tasmania: West Coast, near Moore's Lookout, T'B. Moore s.n. Mar 1900, in Hb W.A. Weymouth 
2868b. 


Type: near Moores Lookout, Mar 1900, T.B. Moore s.n. (holotype: HO 73687!, isotypes: WELT, MO 412871, 
MO 41286). 


Illustrations: Sainsbury (1955: plate 14, Fig. 1). Fife (2016) Plate 1 (A-F). 


Dioicous. Plants 2-6 mm tall, yellow-green. Stems mostly unbranched; stem leaves erect spreading, upper 
leaves 2.0-4.0 mm long, distant and erect-spreading, from a broad oblong, concave sheathing base abruptly 
contracted to a narrow flexuose subula 2-3 times as long as base, contorted when dry, margins entire or 
denticulate at the apex; costa narrow in lower leaf base but broadening above to +filling subula, sometimes 
slightly excurrent; in cross section with a median row of guide cells and adaxial and abaxial bands of smaller 
firm-walled stereid cells. Lamina cells at base thin-walled, 70-110 x 12-20 um, rectangular or irregularly 4-6 
sided, cells at margin of subula very short, narrowly oblong, marginal cells unistratose throughout. 


Perigonia terminal, gemmiform. Perichaetia terminal. Perichaetial leaves much larger than stem leaves, 
7.0-8.5 mm, suberect with long rigid subula from a large ovate-oblong sheathing base; subula 2-3 times length 
of leaf base. Calyptra cucullate to mitriform and 2—4 lobed at base, covering operculum and urn. Setae slender, 
straight to slightly flexuose, 8-15(-—25) mm long, pale yellow; capsules narrow, oblong, straight or slightly arcuate, 
erect or suberect, (1.5—)2—3.8(-5.0) mm long, neck slender, variably strumose at base; annulus of 2-3 rows of 
enlarged thin-walled cells, persistent to revoluble; operculum with slender, slanting rostrum from 1.0 mm to 
as long as the urn, dehiscent; peristome reduced to a short, hyaline basal membrane or gymnostomous. Spores 
large, (48—)50-66(-75) um, coarsely baculate. Chromosome number not known. Figure 4. 


Distribution and Ecology Trematodon mackayi is a distinct and relatively widespread species in temperate 
Australia and New Zealand. In Australia known from New South Wales, Victoria, Tasmania. Distribution in 
Australia, Map 4. In Australia, T’ mackayi occurs on peaty soils, often in upland areas. In New Zealand the 
species usually occurs on peat or pakihi where it is often found following fire (Fife 2016). 


Recognition: T. mackayi can be distinguished readily by the structurally different costa that completely fills 
the leaf subula; the large calyptra covering the operculum and urn; the highly reduced peristome lacking all 
but the basal membrane; and the largest spores of any species in the genus. 


Notes: In Fife (2016), the following information regarding T: weymouthii is included. “Although the protologue 
indicates that T’ B. Moore was the collector of the type, the duplicates in WELT are labelled as collected by 
L. Rodway, 


Representative specimens examined: NEW SOUTH WALES: Southeast Slopes: Tumut, Between Mount 
Gingera and Blackfellows Saddle, 35°34S 148°46E, May 1959, N.T. Burbidge 6919 (MEL 69631A); Southern 
Tablelands: Captains Flat, 35°35'S 149°27'E, 600 m, 9 Oct 1979, H. Streimann 9496 (CANB 8000275.1); 
Central Tablelands: Neates Glen, Blackheath, 33°39'S 150°18E, Feb 1902, W. Forsyth s.n. (NSW 755021); 
Central Coast: Wyong, 33°16S 151°26E, (no date given) W.W. Watts NSW10913 (NSW 755028). VICTORIA: 
East Gippsland: Cicada Trail, 37°44'S 149°24'E, 22 Nov 1969, A.C. Beauglehole 31964 (MEL 69630A); Otway 
Range: Chapple Vale Flora and Fauna Reserve, Crinoline Creek, 38°37'S 143°21'E, 122 m, 27 Dec 1973, A.C. 
Beauglehole 74297 (MEL 2046887A). TASMANIA: West Coast: near Moore's Lookout, 42°49'S 145°30'E, Mar 
1900, T:B. Moore s.n. (HO 73687). 


5. Trematodon suberectus Mitt. in Hook.f. Handbook of the New Zealand Flora: 415 (1867). 

Type citation: Northern and Middle Islands, on clay banks, Bay of Islands, J.D.H.; Wellington, Lyall. 
Type: Bay of Islands on clay banks J.D. Hooker 341 (NY-Mitten). 

=Trematodon adaequans Geh. ex Roth., Hedwigia 53: 97. 2 £3 (1913). 


Type citation: Von Whitelegge in Neu-Stid- Wales, an der Boll's (=Balls) Head Bay, entdeckt und auch von Rev. 
W. W. Watts am Richmond River daselbst haufig gesammelt. 


Type: Bolls (=Balls) Head Bay, Sydney, 18 Oct 1885, T. Whitelegge 226 (lectotype designated here: NSW 299415!; 
residual syntype: Teven, Richmond River, 2 Sep 1896, W.W. Watts NSW937 NSW 754727!) 


=Trematodon cheesemannii Miull.Hal. Hedwigia 37: 110 (1898). 
Type citation: New Zealand: Kermadec Group, Sunday (Raoul) Island, T'E Cheeseman 
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Type: Kermadec Islands, Sunday (Raoul) Island T/FE Cheeseman s.n. (AK 121129; AK 121130) fide A. Fife 2016. 
=Trematodon abruptus Watts et Whitelegge Proc. Linn. Soc. New South Wales Suppl. 27: 31 (1902) nom. inval. 
Type citation: New South Wales: Bellingen and Macleay Rivers. 


=Trematodon whiteleggei Broth. in Watts and Whitelegge Proc. Linn. Soc. New South Wales Suppl. 27: 32 (1902) 
nom. inval. 


Type citation: Australia: New South Wales: clay banks opposite railway line, Clifton, Aug 1891. 
Type: T. Whitelegge (NSW 299424! NSW 755017! NSW 754771!) 
Illustrations: Sainsbury (1955) Plate 14, Fig. 3; Fife (2016) Plate 2. 


Plants variable in size, bright or yellow-green. Stems 2-7 mm, sparingly branched by innovation. Leaves erect- 
spreading with a sheathing base tapering to a long subula; basal leaves small; upper stem leaves larger, base 
ovate-oblong +gradually tapering to an elongate subula 1.5-2.0 times as long as base; subula narrowly laminate 
below; costa only 1/6 width ofleaf base but +filling upper subula and +reaching apex; apex denticulate; margin 
smooth and unistratose in leaf base to lower part of subula, bistratose in upper subula. Laminal cells of leat 
base and lower subula elongate rectangular, thin-walled, smooth; upper cells above shoulder small, quadrate 
to rhomboid; costa in section with both abaxial and adaxial stereid bands. 


Autoicous or rhizautoicous. Perigonia terminal on shoots. Perichaetia terminal on shoots. Perichaetial leaves 
about twice the size of stem leaves with base oblong and subula 1-2 times length of base, gradually subulate; 
subula straight to +flexuose with elongate rectangular thin-walled cells in base 60-105 times ca.15-21 um. Seta 
erect, slender, straight or weakly flexuose, yellow, (5—)13-15(-39) mm. Capsule suberect or slightly curved, urn 
cylindrical, neck longer than but less than twice as long urn; weakly to strongly strumose at base; exothecial 
cells elongate; annulus revoluble; operculum conic, rostrate, rostrum up to length of urn; annulate; Peristome 
of 16 well-developed teeth, narrowly lanceolate, usually split to base into two often unequal segments fused 
apically, perforations scattered; basal membrane well developed. Spores 20-—25(-33) um, coarsely baculate- 
insulate. Chromosome number n=14 (Ramsay 2009; 2011). Figs 5, 6, 7. 


Distribution and Ecology: The species has affinities with Malesian, Japanese and South American species. 
Known in Australia from Queensland, New South Wales including Lord Howe Island (Brotherus and Watts 
1915) and Victoria. Distribution in Australia: Map 5. Trematodon suberectus occurs as a coloniser of bare soil 
in disturbed habitats in Australia and in New Zealand where it is common and occurs on both the North and 
South Islands, and Stewart Island (Sainsbury 1955; Beever et al. 1992). It is also reported from the Kermadec 
Islands (Beever et al. 1996) where it grows on pumice and is quite tolerant of geothermal activity and heavy 
metal concentrations (Sainsbury 1930). 


Recognition: Fife (1996) examined two collections from the Kermadec Islands collected by Cheeseman on 
Sunday (Raoul) Island (AK 181732, WELT MO 31623) and named by Brotherus (1891) which he believes 
“may be part of the original material from which a portion was sent to Mueller for description of Trematodon 
cheesemanti (Mueller 1890). Fife (1995) records T: cheesemanti as a synonym of T!: suberectus following 
Sainsbury (1930, 1955). The most recent list of mosses from the Kermadec Islands (Raoul [Sunday] Is.) lists 
the single species T. suberectus (de Lange and Beever 2015). 


The record of T. suberectus from Lord Howe Island is new here, although the genus Trematodon was recorded 
by Brotherus and Watts (1915). During re-examination of the two collections at NSW made by W.W. Watts, 
some capsules were located which, together with leaf structure, identified them as T. suberectus. 


Notes: During our studies we have noted a strong similarity between T! suberectus and T. longicollis. One of the 
characters separating them is the ratio of capsule neck:urn — up to but not exceeding 2:1 in T. suberectus but 
more than 2:1 in T! longicollis. Other features such as the costa filling the upper subula, and costal anatomy in 
the subula also differ in the two species. 


Seta length is variable. The capsule has a neck that exceeds the urn length but is rarely twice as long. The 
peristome teeth often have unequally bifid arms, but this also varies. A distinguishing feature of this species 
is the costa filling or almost filling the upper leaf subula (best seen in leaf sections — refer to Figs 5, 6) and a 
mostly unistratose margin, being bistratose only in the upper subula. This row of cells is absent in the costa of 
the upper leaf base in T! longicollis and the distinct lower epidermal-like cells present in T. longicollis are absent 
in T. suberectus. A comparison of leaf sections of T. longicollis (Ramsay et al. 2018 Fig. 7) and T. suberectus 
(Fig. 6 here) suggests their retention as separate species. We have therefore retained it as a separate species 
differing from T longicollis, pending further revisionary studies. 
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Figure 5 Trematodon suberectus 


1.0 mm, plant 100 um, cells, sections 


Fig. 5. Trematodon suberectus. A. Fruiting plant; B—C stem leaves; D. Perichaetial leaf; E. Cells of leaf apex; F. Cells of 
leaf shoulder region; G. Cells of basal part of leaf; H-J. Transverse sections of leaf subula; K. Transverse sections of leaf 
shoulder region; L-M. Transverse sections of basal part of leaf; N. Stem section. 


Scale bars: 1.0 mm for plants and leaves; 100um for cells, sections and spores. 


Drawn from A.C. Beauglehole 73130 (HO 538855 ex MEL 1044922) 
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Figure 6 Trematodon suberectus 
a | 
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1.0 mm, plant 100 um, cells, sections 100 um, spore 


Fig. 6. Trematodon suberectus. A. Fruiting plant; 2. B—-C. capsules; D-E. Stem leaves; F—G Perichaetial leaves; H. Cells of 
leaf apex; I. Cells of leaf shoulder region; J. Cells of leaf base; K-M. Transverse section of leaf subula; N-O. Transverse 
sections of leaf base; P. Stem section; Q. Peristome teeth; R. Spore. 


Scale Bars: 1.0 mm for plants and leaves; 100um for cells sections and spores. 


Drawn from John Child 6462 (HO 52759 ex CHR 432666) 
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Fig. 7. Maps showing distribution of Trematodon species in Australia 


1. T. amoenus; 2. T. flexipes; 3. T: mackayi; 4. T. longicollis; 5. T. suberectus 
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The only DNA record for T: suberectus in GenBank is for the cpDNA gene: ATP synthase beta subunit (atpB) 
(Fiz-Palacios et al. 2011), but unfortunately there are no data for T. longicollis for comparison (Ramsay et al. 
2018). Until a world revision of Trematodon is carried out, including molecular analyses, we prefer to retain 
T. suberectus as a separate species. 


Representative specimens: QUEENSLAND: North Kennedy: Wild River, Herberton, N. of Ravenshoe, 
17°23'S 145°23 E, 24 Dec 1938, H. Flecker 5500 (CANB 362264, BRI AQ0733991); Kennedy Highway, 7 miles 
N of Ravenshoe, 17°30'S 145°30 E, 7 May 1974, D.H. Norris 41270 (BRI AQ0733990, CBG 9211740.1); Birthday 
Creek, Mt Spec 18°59'S 146°10'E, 29 Oct 1995, H. Streimann 58032 (CBG 9607537.1!). NEW SOUTH WALES: 
North Coast: Ballina, off Tintenbar Road, 25°50'54'S 153°33'04°E,14 Sep 1899, W.W. Watts NSW3645 (NSW 
754764); Alstonville 28°49 153°26E, May 1896, WW. Watts NSW433 (NSW 754736) (as T. adaequans); 
Coopers Creek near Federal 28°40'S 153°25'E, Oct 1901, WW. Watts NSW5163a (as T. adaequans) (NSW 
754767); Central Coast: Wyong 33°16S 151°25E, 11 Sep 1908, WW. Watts NSW9590 (NSW 755023); Lord 
Howe Island: South of Kings 31°34'S 159°05'E, 15 Jul 1911, WW. Watts LHI204 (NSW 755019); South of 
Kings 31°34'S 159°05"E,15 Jul 1911, WW. Watts LHI214 (NSW 755018); Nov 1981, D.H. Vitt 28749 (ALTA). 
VICTORIA: East Gippsland: Errinundra, 37°24'S 148°54'E, 30 Sep 1970, A.C. Beauglehole 73130 (CANB 
672109.1, MEL 1044922, HO 73817); Snowfields: Mt Buffalo 36°46"S 146°46'E, 1402 m, 31 Dec 1952, 
R. Melville 2653 (MEL 1031481A). 
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Abstract 


Australia has seven species in Utricularia L. section Utricularia, with the habit for all members of either affixed 
or suspended aquatic. Of the six recognised Australian species, one is endemic, one is pantropical, three are 
also distributed across Asia or Papua New Guinea - with U. australis R.Br. extending into Europe, and one 
other, U. stellaris L.f. into Africa. We present a molecular phylogeny based on two plastid and the nuclear ITS 
sequences for members of the subgenus Utricularia representing U. aurea Lour. and closely allied species from 
across each of their distributions. The molecular phylogeny provides strong support for recognition of a new 
species Utricularia adamsti R.W.Jobson & Davies-Colley (Lentibulariaceae), here described as new member 
of section Utricularia. This taxon was previously included within U. aurea, however, our molecular phylogeny 
and morphology supports a sister relationship with U. muelleri Kamienski. We provide a revised concept of 
U. aurea, and a description of the new species. The morphological differences between U. adamsii, U. muelleri, 
U. aurea and closely related species are here discussed, and an identification key provided. Distributions and 
habitat preferences of these taxa are discussed. 


Introduction 


There are six Australian species of Utricularia L. section Utricularia (subgen. Utricularia sensu Miiller and 
Borsch 2005) (Jobson et al. 2003), with the habit for all members of the section either affixed or suspended 
aquatic. Of these six species, U. corneliana R.W. Jobson is endemic, U. gibba L. is pantropical, U. aurea Lour. and 
U. muelleri Kamienski extend across Asia or Papua New Guinea respectively, U. australis R.Br. is distributed 
across Asia and into Europe, while U. stellaris L.f. is distributed across southern Asia and into Africa (Taylor 
1989; Jobson 2012; Jobson et al. 2018). The three species U. aurea, U. muelleri and U. stellaris develop spongy 
float-like rhizoids; in the latter two species they arise near the middle of the peduncle, while in the former they 
arise at or near the base of the peduncle (Taylor 1989; Jobson 2012). 


We here present a molecular phylogeny based on two plastid and the nuclear ITS sequences of subgenus 
Utricularia representing multiple accessions from across the distributions of the three Australian float-bearing, 
and closely allied, species. The current study provides strong molecular phylogenetic support for recognition 


© 2020 Royal Botanic Gardens and Domain Trust 


22 Telopea 23: 21-33, 2020 Jobson and Davies-Colley 


of a new species, U. adamsii R.W.Jobson & Davies-Colley, which is restricted to northern Australia, on Cape 
York Peninsula and south of Darwin in the Top End. 


Utricularia adamsti was previously considered a minute form of U. aurea, based mainly on their similar 
deflexed fruit capsules at maturity (Taylor 1989). However, our molecular phylogeny supports recognition 
as a distinct species due to the well-supported sister relationship with U. muelleri, rather than other U. aurea. 
We provide a revised concept of U. aurea, and a description of the new species. The morphological differences 
between U. adamsii, U. muelleri, U. aurea and closely related species are here discussed, an identification key 
provided, and the distribution and habitat preferences of these taxa discussed. 


Methods and Materials 


Taxon sampling and DNA extraction 


DNA isolations were performed as for Jobson et al. (2017). We sampled 46 accessions from silica dried and 
herbarium specimens, including 13 outgroup taxa (Table 1). We obtained previously published sequences 
from GenBank, and outgroup taxa were selected based on the phylogenetic hypothesis of Jobson et al. (2018) 
(Table 1). Our data matrix includes three Asian accessions of U. aurea (one from Cambodia and two from 
Vietnam) (Fig. 1). 


o4 A e | Species 
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© U stellaris 
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Elevation (m) 
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Fig. 1. Distribution map showing accessions of Utricularia aurea and allied species: Utricularia adamsii (black circle), 
U. aurea (yellow square), U. muelleri (red triangle), U. stellaris (blue circle). Asian accessions not included (refer to Table 1). 
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Table 1. Accessions used in the ITS and cpDNA matrices. Secondary collectors are not included. Locality abbreviations: 
NSW, New South Wales; NT, Northern Territory; Qld, Queensland; WA, Western Australia. GenBank accession numbers for 
each sequence are shown. NS indicates a sequence that either failed or was not included in the study. 


Group 
Outgroup 


INgroup 


Section 


Australes 
Lasiocaules 
Lecticula 
Nelipus 
Nigrescentes 
Oligocista 
Pleiochasia 
Pleiochasla 
Polypomphyloyx 


Utricularia 


Taxon 


U. minutissima Vahl 
U. antennifera F.Lloyd 
U. resupinata Greene 


ex Bigelow 


U. leptoplectra 
F.Muell. 

U. caerulea L. 

U. bifida L. 

U. ameliae R.W.Jobson 
U. byrneana 
R.W.Jobson & Baleeiro 
U. multifida R.Br. 

U. australis R.Br. 

U. geminiscapa Ben|. 
U. gibba L 

U. striata Le Conte ex 


Torrey 


U. adamsii R.W.Jobson 
& Davies-Colley 


U. adamsii R.W.Jobson 
& Davies-Colley 


U. adamsii R.W.Jobson 
& Davies-Colley 


U. adamsii R.W.Jobson 
& Davies-Colley 

U. aurea Lour. 

U. aurea Lour. 

U. aurea Lour. 

U. aurea Lour. 

U. aurea Lour. 

U. aurea Lour. 

U. benjaminiana Oliver 
U. inflexa Forsskal 

U. mueller! Kamiénski 


U. muelleri Kamiénski 


U. muelleri Kamiénski 


Voucher 


R.W. Jobson 2676 
(NSW) 


M. Barrett 2213 
(PERTH) 


B. Keener 1948 
(UNA) 


R.W. Jobson 1256 
(NSW) 


R.W. Jobson 1257 
(NSW) 


R.W. Jobson 3293 
(NSW) 


R.W. Jobson 2188 
(NSW) 


R.W. Jobson 2323 
(NSW) 


B.G. Briggs 10126 
(NSW) 


R.W. Jobson 1391 
(NSW) 


R W. Jobson UQ197 


(BRI) 


R.W. Jobson 1861 
(NSW) 


R.W. Jooson 1372 
(NSW) 


R.W. Jobson 1761 
(NSW) 


R.W. Jobson 2249 
(NSW) 


R.W. Jobson 3184 
(NSW) 


L.G. Adams 1741 
(CANB) 


R.W. Jobson 1265 
(NSW) 


R.W. Jobson 1381 
(NSW) 


A.A. Mitchell 3704 


(CANB) 


R.W. Jobson 3861 
(NSW) 


R.W. Jobson 2887 
(NSW) 


L. Adamec s.n. (SPF) 


C.J. Ward 9779 
(HO) 


R.W. Jooson 1425 
(NSW) 


L.A. Craven 5535 
(CANB) 


R.W. Jobson 1264 
(NSW) 


R.W. Jobson 2215 
(NSW) 


Locality 


Mitchell plataeu, 
WA 


North Kimberley, 
WA 

Alabama, USA 
Mt Garnet, Qld 
Mt Garnet, Qld 
Girraween, NT 

E of Boulia, Qld 
Dampier 
Penninsula, WA 
Walpole, WA 
Minnamoolka, Qld 
New Jersey, USA 
Doongmabulla, 


Qld 


Florida, USA (L. 
Adamec) 


Portland Road, Qld 


Humpty Doo, NT 
Adelaide River, NT 
Pine Creek, NT 
Hann River, Qld 
Minnamoolka, Qld 
S of Wyndham, 


WA 


ex. Cambodia (L. 
Adamec) 


Crosbie Creek, Qld 


ex. Vietnam (L. 
Adamec) 


Natal, South Africa 


ex. Africa (L. 
Adamec) 

Jim Jim Creek, NT 
Hann River, Qld 


Jabiru, NT 


ITS 
NS 


NS 


M1248965 


NS 


NS 


NS 


MK259674 


MK259940 


NS 


M2489 72 


MT248956 


MT24895 7 


MT24896/7 


M1248951 


M1248966 


M1248976 


MT248946 


MT248952 


M1T248953 


MT248955 


MT248980 


M1248981 


MGQ27/742 


MI248944 


MT248958 


MT248947 


MT248959 


MT248960 


rps16 
KY243558 


KY243462 


AF488527 


KY¥243546 


KY243543 


KY243548 


KY243405 


KY¥243520 


KY243502 


M1278386/ 


MT278856 


NS 


M1278863 


M1278852 


MT278862 


M127887/1 


NS 


M1278853 


M1278854 


NS 


M1278875 


NS 


NS 


NS 


M127885/7 


NS 


M1278858 


MT2/78859 


trnDT 
NS 


KY243755 


M1278832 


KY243842 


KY243840 


NS 


KY243695 


KY243818 


KY243 796 


NS 


M1278823 


M1278824 


M1278834 


MT278819 


M1278833 


M12 78842 


NS 


MT278820 


M12783821 


M1278822 


MT278846 


M1278847 


NS 


NS 


MT278825 


NS 


M1278826 


MT27882/ 
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Group Section Taxon Voucher Locality ITS rps16 trnDT 
U. muelleri Kamiénski R.W. Jobson 2233 — Point Stuart, NT MT248961 M1278860 MT278828 
(NSW) 
U. muelleri Kamiénski R.W. Jobson 2266 # Mitchell Plateau, MT248962 NS MT278829 
(NSW) WA 
U. mueller Kamiénski R.W. Jobson 2391 Corinda, Qld MT248963 MT278861 MT278830 
(NSW) 
U. muelleri Kamiénski |. Cowie 4395 Derby, WA MT248964 NS MT278831 
(CANB) 
U. muelleri Kamiénski R.W. Jobson 2652 ~~ Parry Lagoon, WA M1248973 MT278868 MT278839 
(NSW) 
U. muelleri Kamiénski R.W. Jobson 2737 ~~ Towns River, NT MT248974 KY243569 MT278840 
(NSW) 
U. mueller Kamiénski R.W. Jobson 2809 Coleman River, MT248978 MI1278873 MI2/78844 
(NSW) Qld 
U. muelleri Kamiénski R.W. Jooson 2793 Edward River, Qld MT248979 MT1278874 MT278845 
(NSW) 
U. muelleri Kamiénski R.W. Jobson 3395 — Limmen, NT MT248982 NS MT278848 
(NSW) 
U. muelleri Kamiénski S.W.L. Jacobs 5037 Magela Creek, NT MT248945 NS NS 
(NSW) 
U. muelleri Kamiéenski R.W. Jobson 3692 Normanton, Qlid MT248948 MT278849 MT278816 
(NSW) 
U. stellaris L.f. R.W. Jobson UQ190 Caboolture, Qld MT248954 MT1278855 NS 
(BRI) 
U. stellaris L.f. R.W. Jobson 1405 Monto, Qld MT248968 MT1278864 MT278835 
(NSW) 
U. stellaris L.f. R.W. Jobson 1255 ~Undara, Qld MT248969 MT1278865 MT278836 
(NSW) 
U. stellaris L.t. R. Dowling WP128 Goondiwindi, Qld MT248970 NS NS 
(NSW) 
U. stellaris L.f. R.W. Jobson 1842  Buttalo Swamp, NS MT278866 MT278837 
(NSW) Qld 
U. stellaris L.t. R.W. Jobson 2324 Dampier M1T248971 NS M1278838 
(NSW) Penninsula, WA 
U. stellaris L.t. R.W. Jobson 3109 ~=Cuttabri, NSW MT248975 MT1278870 MT278841 
(NSW) 
U. stellaris L.f. R.W. Jobson 3702  Tafty’s Swamp, Qld MT248949 MT1T278850 MT278817 
(NSW) 
Hybrids - U. aurea x muelleri R.W. Jobson 2784 Crosbie Creek, Qld MT248977 MT278872 MT278843 
(NSW) 
(excluded) U. aurea x mueller R.W. Jobson 3588 Merton Falls, WA MT248950 MT278851 MT278818 


Amplification and sequen 


cing 


(NSW) 


Amplifications were performed as for Jobson et al. (2017) using two noncoding plastid (cpDNA) and nuclear 
ITS ribosomal gene marker. The cpDNA markers included the rps16 intron amplified according to the primers 
(rps16F 5°--TGGTAGAAAGCAACGTGCGACTT; rps16R2R 5°-TCGGGATCGAACATCAATTGCAAC) and 
program described in Oxelman et al. (1997), while the trnD-trnT intron spacer (trnD-T) was amplified using 
primers (trnD°’*F 5°-ACC AAT TGA ACT ACA ATC CC; trnT°%¥ 5°-CTA CCA CTG AGT TAA AAG GG) 
and parameters described in Shaw et al. (2005). These cpDNA markers have been shown to provide enough 
information to resolve relationships at the species and intraspecific level across Utricularia (Jobson et al. 2017). 
The nuclear ribosomal Internal Transcribed Spacer region (ITS) was amplified using primers (ITS5A 5°-CCT 
TAT CAT TTA GAG GAA GGA G; ITS4 5°-TCC TCC GCT TAT TGA TA TGC) described in White et al. 
(1990), and Stanford et al. (2000). Forward and reverse sequences were assembled, edited and aligned as for 
Jobson et al. (2017). 


Phylogenetic analyses 


Phylogenetic analyses were performed on 1) the nuclear ITS, and 2) the two individual and combined cpDNA. 
Topologies obtained from individual rps16 and trnDT analyses were congruent and were concatenated and 
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analysed together. The ITS and combined rps16/trnDT datasets were not concatenated even though an 
examination of the topologies showed the same branching order across each topology (Fig. 2). 


Two accessions (R. W. Jobson 2784, 3588) were found to be incongruent between cpDNA and ITS tree topologies 
and were removed from the final datasets. Analysis of these accessions revealed a potential hybridization event 
between U. muelleri and U. aurea. 


For the Bayesian phylogenetic analyses, we investigated the most suitable nucleotide substitution model for 
each of the datasets using the Akaike information criterion (AIC) implemented in the program JMODELTEST, 
ver. 2.1.7 (Guindon and Gascuel 2003; Posada 2008). The best-fit model was GTR+I+G and GTR+G for the 
cpDNA and nuDNA datasets respectively. Using MrBayes 3.2.7a (Ronquist et al. 2012; https://github.com/ 
NBISweden/MrBayes/tree/v3.2.7a) we estimated Bayesian posterior probability with five independent runs 
of 20 million generations, using four chains, sampling of trees every 1000 generations. The first 25% of trees 
were discarded as burn-in. All parameters were set as Dirichlet; with all other priors for the analysis unlinked 
and set flat for the multinomial distribution. Stationarity was investigated by examining plots of the -InL 
across generations in Tracer, ver. 1.6 (see http:// http://beast.community/tracer, accessed 20 August 2019). The 
parameters of the effective sample size (ESS) were > 1000, and remaining trees were used to construct a 50% 
majority-rule consensus trees (Fig. 1). The results were visualised using FigTree version 1.4.0 (see http://tree. 
bio.ed.ac.uk/software/figtree/, accessed 20 August 2019). 


Results 


Sequences and alignment 


The rps16 matrix was 1080 bp long of which 283 characters (26%) were parsimony informative, trnDT matrix 
was 1490 long of which 284 characters (19%) were parsimony informative, and the ITS matrix was 1003 bp 
long of which 506 characters (50%) were parsimony informative. 


Phylogenetic relationships 


The ITS and the combined rps16/trnDT trees strongly supported monophyletic clades (posterior probability 
(PP) = 1.00) representing U. stellaris, U. inflexa and U. muelleri, however, we find that U. aurea is paraphyletic 
with U. adamsii accessions possessing small stature (inflorescence >50 mm tall) and three basally positioned 
peduncle floats sister to U. muelleri (Fig. 2). Utricularia aurea was found to be sister to U. adamsii and U. muelleri 
in a well-supported clade containing both Asian (Cambodia, Vietnam) and Australian accessions (Fig. 1). 
The molecular phylogenetic result supports the morphological character differences between U. adamsii and 
U. aurea and we here recognise U. adamsii at species level. 


Taxonomy 


Utricularia aurea Lout., Fl. Cochinch. 1: 26 (1790), non Ridley (1916). 
Type: Vietnam, Cay Roang, J. Loureiro; not located. 


= Utricularia flexuosa Vahl, Enum. PI. 1: 198 (1804). 
Type: India, D. Banks s.n. [J.G. Kénig collection] ex herb. Schumacker (holo: C 10013885, image!; iso W). 


= Utricularia fasciculata Roxb., Fl. Ind. 1: 143 (1820). 
Type: India, Calcutta, Wallich Catalogue No. 1499H (syn: K 001113250, image!); Roxburgh’s Flora Indica Icon 
1203 (syn: K). 


According to Forman (1997), the original material consists of Wallich Catalogue No. 1499H and Roxburghs 
Flora Indica Icon 1203 at K. 


=Utricularia confervifolia Jacks. ex D. Don, Prodr. Fl. Nepal.: 84 (1825). 
Type: Nepal, Narainhetty, EF Buchanan-Hamilton s.n., Sept. 1802 (holo: BM 000521796!). 


=Utricularia flexuosa var. blumei A.DC. in DC., Prodr. 8: 24 (1844). Utricularia blumei (A.DC.) Migq., Fl. Ned. 
Ind. 2: 997 (1859). 
Type: Java, Batavia, Blume s.n. (holo L L.282768, image!). 


Notes: De Condolle (1844) cites the description of Utricularia flexuosa in Blume (1826) as the basis for his 
Utricularia flexuosa var. blumei A.DC. The specimen cited above appears to be the only collection that can be 
specifically attributed to Blume’s concept, though it should be noted that it has never been annotated with the 
varietal name. 
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=Utricularia inaequalis Benj., Linnaea 20: 304 (1847), nom. illeg., non A.DC. (1844). 
Type: Sri Lanka, Hiigel 3747 (holo W; not located). 


=Utricularia calumpitensis Llanos, Fragm. PI. Filip.: 11 (1851). 
Type: Philippines, Calumpit, s. coll. s.n. (holo: ?PNH, not seen). 


=Utricularia extensa Hance in Walp., Ann. Bot. Syst. 3: 3 (1852). 
Type citation: Hong Kong (not seen). 


=Utricularia reclinata Hassk. in Versl,. Med. Kon. Ak. Wet. Amsterdam 4: 161 (1855). 
Type citation: Java, Mt. Gedé, 4—5000 ft, Hasskarl s.n. (not seen). 


=Utricularia flexuosa f. gracilis Oliv., J. Linn. Soc. Bot. 3: 175 (1859). Utricularia aurea Lout. var. gracilis (Oliv.) 
Phuong, Danh luc cac loai thuc vat viet nam 3: 248 (2005), nom. inval. 
Type: Sri Lanka (holo: K). 


=Utricularia vulgaris var. pilosa Makino, Bot. Mag. Tokyo 9: 111 (1895). 
=Utricularia pilosa (Makino) Makino, Bot. Mag. Tokyo 11: 70 (1897). 
Type citation: Japan, T.Makino s.n. (holo: ¢MAK, not located). 


=Utricularia aurea f. inmaculata M.Tamura, Acta Phytotax. Geobot. 15: 32 (1953). 
Type: Japan, Ohtsu near lake Biwa, Honshu, M. Tamura 149, 26 Oct 1952 (holo KYO; not seen). 


Medium to large perennial, suspended aquatic herb. Rhizoids sometimes present at or near the peduncle 
base as either a cluster of short papillose branches (1-3 mm long), or in a whorl of 4-5 inflated, spongy, 
narrowly fusiform appendages (floats) 50-100 mm long, bearing dichotomously divided, capillary leaf 
segments. Stolons filiform, terete, branched, papillose, up to 1 m long, 0.5-2 mm diam., internodes 5-20 mm 
long, sometime bearing cylindrical airshoots. Leaves very numerous, 1-8 cm long, divided from the base into 
3 to 5 primary, filiform or sometimes inflated segments, the secondary segments alternate, pinnately divided; 
ultimate segments numerous, capillary, setulose. Traps few, inserted along the segments, stalked, dimorphic, 
1-4 mm long, ovoid-subglobose mouth basal, appendages branched, setiform; internal glands 2- and 4-armed, 
arms subulate, up to 70 u long, ~5 um in diameter. Inflorescence erect, simple, emergent; peduncle glabrous, 
filiform, terete, 50-270 mm long, 1-1.5 mm thick. Scales and bracteoles absent. Bracts basifixed, broadly ovate 
to orbicular, convex, 1-2 mm long, apex rounded. Flowers 5-10; pedicels filiform, erect at anthesis, deflexed 
in fruit, 4-20 mm long. Calyx lobes subequal, ovate, accrescent, reflexed and up to 9 mm long in fruit. Corolla 
10-15 mm long, externally pubescent, pale yellow, few reddish nerves on the basal portion of the lower lip; 
upper lip ovate with apex rounded; lower lip limb transversely elliptic, bilobed swelling at the base, apex mostly 
emarginate, sometimes rounded; spur cylindrical from a conical base, constricted near the middle, shorter or 
equal in length to the lower lip. Ovary ovoid. Capsule globose, walls fleshy, circumscissile dehiscence, up to 
5 mm long (excluding style), ~5 mm in diam., with a long, persistent style. Seeds disk shaped, 1.5-2 mm wide, 
angular, the angles winged. Pollen 13-23-colporate, dimensions range from 29 x 39 um to ~30 x 46 um (sensu 
Taylor 1989). 


Selected specimens examined: INDIA: “Peninsula Ind. Orientalis’,, s. coll., #809, 1836 (NSW). JAPAN: Mitagaya 
in Musashi, N. Maruyama s.n., Sep 1950 (NSW). MYANMAR: Yangon (“Rangoon’ ), H.S. McKee 5815, 8 Jul. 
1957 (NSW). SINGAPORE: Jalan Nordin, I. Ali & K.S. Lioe 2010-934, 29 Sep 2010 (SING). MALAYSIA: Sabak 
Bernam, M.Y. Chew FRI63406 e& E.H.S. Chin, 10 Jan 2009 (SING). PAPUA NEW GUINEA: c. 20 km W of 
Morehead, B.J. Conn 3495, 22 Sep 1990 (NSW). AUSTRALIA: WESTERN AUSTRALIA: S of Wyndham, Parry 
Lagoons, A.A. Mitchell 3704, 27 Jul 1994 (CANB); QUEENSLAND: Crosbie Creek, R.W. Jobson 2887, 20 Jul 
2015 (NSW); NORTHERN TERRITORY: Arafura Swamp, I.D.Cowie 1247, 20 May 1990 (DNA); Beatrice 
Lagoon, Humpty Doo, H.S. McKee 8343, 10 Feb 1961 (NSW); NEW SOUTH WALES: Lake Minnie Waters, 
Grafton, B.V. Timms s.n., 12 Jul 1968 (NSW). 


Distribution and ecology: Widespread across tropical Asia, from western India to South-east Asia from 
Malaysia, China, Japan, and New Guinea. In Australia, occurs in north-western Western Australia through 
to the Northern Territory and Cape York Peninsula, Queensland south to north-eastern New South Wales 
(Fig. 1). Grows in shallow or deep water in pools and swamps (Taylor 1989). Flowers February—October. 


Notes: The Utricularia aurea type specimen was collected at Cay Roang, Vietnam by Portuguese Botanist Joao 
de Loureiro (1717-1791) and the protolog was published in the Flora Cochinchinensis in 1790. As with many 
of Loureiros other Asian collections, the type seems not to have been successfully deposited in any herbarium 
(Merrill 1935). In Taylor's (1989) monograph of Utricularia, he notes “Loureiro — no specimen located, see 
Merrill (1935). Even so, Taylor was reluctant to assign a neotype, instead relying on the observations of Merrill 
(1935) who, under that binomial, stated “Loureiros description is definite and unmistakably applies to the 
common Asiatic species currently known as Utricularia flexuosa Vahl. This latter taxon is a synonym of 


Redescription of the suspended aquatic Utricularia aurea Lour Telopea 23: 21-33, 2020 27 


U. aurea (see above and Taylor 1989). The authors of the current study are also reluctant to assign a neotype, 
instead we suggest that workers in the vicinity of the type location are better positioned to undertake this task. 
Our phylogenetic trees (Fig. 1 a, b) include three Asian accessions of U. aurea (Cambodia, Vietnam) that are 
well-supported within a monophyly that includes those distributed across northern Australia (Fig. 1). 


Utricularia adamsii R.W.Jobson & Davies-Colley, sp. nov. 


Diagnosis: Similar to U. aurea in possessing a deflexed pedicel at fruit maturity, but differs in shape and length 
of rhizoid float appendages (20-30 mm v. 50-100 mm long), corolla spur always glabrous and longer than the 
corolla lower lip v. spur hairy and shorter or equal in length to the corolla lower lip. 


Type: AUSTRALIA: QUEENSLAND): Cook: Portland Road, NE of Wenlock River Crossing [precise location 
withheld], R.W. Jobson 1761 e& W. Cherry, 20 April 2013 (holo: NSW 972856; iso: BRI, NSW 922658 - spirit). 


Small perennial, suspended or affixed aquatic herb. Rhizoids always present at or near the base of the peduncle, 
in a whorl of 3 inflated, spongy, narrowly fusiform appendages (floats), each subulate or zig-zag shaped, 
20-30 mm long, 2 mm diam., narrowing to a fine cylinder, 0.1 mm at apex, each node bearing dichotomously 
divided, capillary leaf segments. absent. Stolons filiform 5-20 mm long, 0.3-0.5 mm thick, unbranched, terete, 
sparsely hairy, internodes 6-8 mm long. Leaves numerous, 2 primary segments at each node, 12 mm long, often 
with a third smaller segment, slightly flattened, divided at the base into 2 primary segments, with 6 further 
dichotomously divided segments, laterally setulose. Traps inserted along segments, shortly stalked, ovoid 
0.7-1.3 mm long, mouth lateral with two small, dorsal, setiform, appendages 0.1—0.2 mm long; internal glands 
4-armed, narrowly ovate, up to 40 u long, ~15 um in diameter. Inflorescence erect, simple, emergent; peduncle 
filiform, 30-50 mm long, 0.4-0.9 mm thick, terete, minutely glandular; Scales and bracteoles absent. Bracts 
basifixed, narrowly ovate when flattened, convex, 0.5-1.2 mm long, 0.1-0.3 mm diam., apex acute. Flowers 1-3, 
on an elongated raceme axis; pedicels filiform, surface sparsely glandular, erect at anthesis, deflexed in fruit, 
3-5 mm long. Calyx lobes subequal, upper lobe slightly longer, broadly ovate, 1.4—2.2 mm long, 0.6-1.1 mm 
in diam. Corolla 2.8-3.2 mm long, pale (cream—yellow) or bright yellow, with few brownish red nerves on the 
basal portion of the upper lip; upper lip ovate with apex rounded 2-2.5 mm long, 1.4-1.8 mm in diameter; 
lower lip limb lower surface sparsely hairy, entire or slightly trilobed, with a single prominent, swelling at the 
base; spur mostly glabrous, few glands, 4-4.5 mm long, longer than the lower lip, slightly compressed, conical 
near base, tapering to a narrowly rounded apex. Filaments curved, c. 1.0 mm long. Ovary globose. Capsule c. 
3.2 mm long (excluding style), 3.1 mm in diam., walls fleshy, circumscissile dehiscence, style short, persistent. 
Seeds prismatic, 0.35-0.4 mm in diameter, 0.09-0.1 mm high, gently angled. Pollen 12-13-colporate, 15 x 15 
um, from Jobson 1761 (NSW). Figures 3 and 4. 


Additional specimens examined: AUSTRALIA: NORTHERN TERRITORY: Noonamah, SE of Darwin 
[precise location withheld], 22 Apr 2014, R.W. Jobson 2249 & P.C. Baleeiro (NSW 924511); NNE of Adelaide 
River, [precise location withheld], 18 Apr 2016, R.W. Jobson 3184 e& PC. Baleeiro (NSW 927193); NE of Pine 
Creek, [precise location withheld], 27 Mar 1967, L.G. Adams 1741 (CANB); [precise location withheld], 20 Apr 
1980, I.R. Telford 7843 (CANB). 


Etymology: The specific epithet honours the late Laurence (Laurie) George Adams (1929-2014) who in March 
1967 collected, and recognised as distinct from U. aurea, the first known specimen of U. adamsii near Darwin, 
NT (Utricularia sp., Adams 1741). Laurie Adams worked as a researcher at the Australian National Herbarium 
identifying and collecting plants from Australia. 


Distribution and ecology: Known only from four locations; a single site on Cape York in a shallow tributary 
of the Wenlock River (type site), with U. caerulea, U. chrysantha, U. uliginosa, Carex sp., and Najas malesiana, 
and three sites near Darwin, NT (Fig. 1). One of these is a wetland on sloping ground in pasture-land SE of 
Darwin (Jobson 2249) with sedges, grasses, U. capilliflora, U. leptoplectra and Eriocaulon sp., while the second 
site was a shallow pool on a swampy track through previously disturbed grassland north of Adelaide River 
(Jobson 3184), with Drosera indica s.l., U. kimberleyensis, U. limosa, sedges and grasses. The most southern 
known site is just NE of Pine Creek occurring in shallow water on a swampy flat with sedges (Fig. 5). Flowers 
and fruits observed in March-April. 
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Fig. 2. 50% majority-rule Bayesian inference consensus tree for data sets: a, concatenated cpDNA; b, nDNA. Posterior 
probability (PP) support values are shown above branches. PP = 1.0-0.95: strong support; 0.94-0.84: weak support; 
<0.84: not supported. 
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Fig. 3. Utricularia adamsii: a, habit; b, stamen front view; c, stamens rear view; d, bladder-trap and leaf segments; e, flower 
lateral view; f, flower ventral view; g, flower rear view; h, flower frontal view; i, fruit capsule; j, seed dorsal and lateral view; 
k, pedicel-peduncle junction showing bract. Scale bar: a = 15 mm; b-d &j = 2 mm; e-h = 4mm;i=5 mm;k=2.5 mm. 
All from R.W. Jobson 1761 & W. Cherry (NSW 922658). 
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Fig. 4. Utricularia adamsii: a, flower frontal view; b, flower lateral view; c, mature seed capsules; d, capsule showing 
circumscissile dehiscence with few seed attached to placenta; e, habit showing floating organs near the base of peduncle. Scale 
bars: a & b= 4 mm; c-e = 10 mm. Images: a, b & e = Wayne Cherry (type site); c & d = R.W. Jobson (Jobson 2249 & Baleeiro). 
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Conservation status: Although U. adamsii is only known from a few sites, it does have a wide distribution, 
found on Cape York, Qld and Darwin, NT with all four accessions supported as monophyletic and sister to 
a clade containing U. muelleri (Fig. 2). This apparent disjunction may reflect the rarity of the species, but it 
may also be due to confusion in the field with other small, yellow-flowered Utricularia such as the common 
U. gibba, which are also known to frequent shallow pools (R.W. Jobson, pers. obs.). None of the known sites are 
within conservation protected areas, with two of the sites located in disturbed wet grassland. Future surveys 
are required to determine conservation status, and in the mean-time, based on the available data, this species 
should be considered data deficient. 


Notes: Although the known distribution of U. adamsii is limited to northern Australia, there is the possibility 
that one of the synonyms of U. aurea represents an Asian population of the taxon U. adamsii. We have tried 
our best to eliminate this possibility by examining protologues and images of extant sheets for characters that 
diagnose U. adamsii. In all cases, the descriptions and images included characters best fitting U. aurea; e.g., 
spur and underside of corolla covered in pilose hairs, and spur nearly as long as the lower corolla lip. These 
characters are at odds with those of U. adamsii. Superficially, the rhizoid floats of U. adamsii resemble those 
occasionally found on U. aurea, with the main difference involving their position on the peduncle; those of 
U. aurea are positioned at the very base of the peduncle. This was the primary reason Taylor (1989) suggested 
the term rhizoid was a better morphological definition for the flotation organs in U. aurea. Our phylogeny 
shows a well-supported sister relationship between U. adamsii and U. muelleri (Fig. 2 a, b). The latter species 
possess flotation organs that are positioned near the middle of the peduncle (see Taylor 1989, fig. 193). The 
hybrid U. aurea x U. muelleri often resembles the U. aurea parent for most morphological features except the 
position of floats; as these are usually positioned well above the base. This characteristic has caused confusion 
in the field (R.W.Jobson pers. obs.). A study of the evolution of rhizoids and peduncle floats, and hybridization 
in section Utricularia is in progress. 


Key to Australian and related suspended aquatic species of section Utricularia. 


la. Peduncle with whorl of usually inflated leaf-like structures at or above the base; 


PLiInary Seotmeinis Or leaves TCS TOSI, 21, .tussesiceodoustprshptatedetedescbsesedyetpbastbartarrinsetnrectadeqabess¥isatssBencsesdeesensbpoptads 2 
1b. Peduncle without a whorl of inflated leaf-like organs; primary segments of leaves tWO .......ceeeseseeseeeeeeees 5 
2a. Inflated leaf-like organs fusiform, arising at, or near the base of the peduncle 0... eee seeeeeeeeeeeeeeeeeees 5 
2b. Inflated leaf-like organs ellipsoid, arising some distance above the base of the peduncle... eee - 


3a. Corolla spur pilose, shorter or equal in length to the corolla lower lip 
dca ueantau teeta teres Jota daca leds haved rot Con sack oath oSre eh Fah dae tan Shan tecnetatetntcaetane hus cbun dese U. aurea (NSW, Qld, NT, WA, Asia) 


3b Corolla spur glabrous, longer than the corolla lower lip oo... ceeseeeeeeeeeeteeeeeeeees U. adamsii (Qld, NT) 


4a. Inflated leaf-like organs sessile with capillary segments arising from the distal half only; 
seeds disk shaped, angular; calyx about equal in length to the capsule 
i a porter ECO Eee TPCT CEE En) Ec agree die oe ee U. stellaris (NSW, Qld, NT, WA, Asia, Africa) 


4b. Inflated leaf-like organs stipitate with capillary segments arising from the distal half 
and from the base; seeds lenticular, narrowly winged; calyx much shorter than the capsule 
Fc ssattubi euneesand unehanitewe teva tenets ot tecieaticetecrtees tease sot treet eater ats autunsiud sansusianeteseteceese U. muelleri (Qld, NT, WA, PNG) 


5a. Corolla externally pubescent; traps always inserted at the angle between leaf segments... eeeeeeeees 6 
5b. Corolla externally glabrous; traps lateral on leaf segments .......... eee etssseseeeceeceeecesececeeceescescesceeceeaeeaeeseeeeenens 7 
6a. Corolla upper lip longer than the lower; seed flat, lenticular... ee csseteeteeeeeeeeees U. corneliana (Qld) 


6b. Corolla upper lip equal or shorter than the lower; seed thick, disk-shaped 
Beart bartaa lagu lag dicen ahinsesl aakeneniveriniveenactrtentetasse Werte lay aarelaalass U. reflexa (tropical Africa, Madagascar) 


7a. Leaves with ultimate segments few (2-8); upper corolla lip larger than lower.......... U. gibba (Pantropical) 


7b. Leaves with ultimate segments numerous (20-80); upper corolla lip smaller than lower 
Ve Beh be dlanteuctanieatiatae tants h sed ba sesasetaseccacseasd inten be Ate eueas U. australis (All Australian states, Asia, Europe) 
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Abstract 


Across tropical northern Australia 14 Drosera species are recognised within the D. petiolaris complex. 
The complex is placed in section Lasiocephala; a group of perennial sundews mostly characterised by an 
indumentum of white hairs upon the petiole. Here we describe a new species for the complex, D. stipularis 
Baleeiro, R.W.Jobson & R.L.Barrett, which is known only from white-sand habitats on Cape York Peninsula, 
Queensland. The new species is allied to D. petiolaris R.Br. ex DC. and D. lanata K.Kondo. 


Introduction 


Drosera petiolaris R.Br. ex DC. was first collected at Endeavour River, Queensland (Banks and Solander s.n., 
BM) and was described by Robert Brown (in de Candolle 1824). The type specimen was evidently collected 
very late in the season, and has little fertile material present. The species was later found to be part of a 
morphologically variable complex distributed across northern Australia and Papua New Guinea. Tsang (1980) 
and Kondo (1984) recognised three additional taxa, namely D. dilatatopetiolaris K.Kondo, D. falconeri 
K.Kondo & Tsang and D. lanata K.Kondo, and were able to differentiate these from D. petiolaris based on floral 
and vegetative characters. These species were originally placed in Drosera subgenus Rorella sect. Lasiocephala 
Planch. (Planchon 1848; Marchant and George 1982) or ser. Lasiocephala (Planch.) Diels (Diels 1906) along 
with D. fulva Planch. and D. banksii R.Br. ex DC., and later under subg. Lasiocephala (Planch.) Schlauer 
(Lowrie 2013). In a recent classification, sect. Lasiocephala was included under subgenus Drosera (Seine and 
Barthlott 1994). A further eight species were subsequently described for the section from across northern 
Australia (Lowrie 1994, 1996a, 1996b, 1997, 1998, 2013) with a taxonomic key to all 14 species published by 
Lowrie et al. (2017). 


Fieldwork identified a new member of the section that we describe here as D. stipularis Baleeiro, R.W.Jobson 
& R.L.Barrett, thus far known only from a restricted area of Cape York Peninsula, Queensland (Figs 1-3). 
Drosera stipularis is particularly recognisable for its prominent stipules that are held erect, and are therefore 
exserted well above the central rosette. Drosera stipularis is also readily recognisable for its short petioles and 
thin, erect stems. The presence of stipules in D. sect. Lasiocephala has not been reported in previous literature, 
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thus their taxonomic utility has not previously been assessed, though they are noted as present in the related 
but morphologically distinctive species D. banksii (Lowrie 2013). 


Close examination of specimens at NSW found that stipules are also present in D. lanata and D. petiolaris, 
but they are usually obscured by dense hairs, or the divided stipule apices appear hair-like, so they are easily 
overlooked. Stipules can be seen in published photographs in Lowrie et al. (2017) of D. lanata (loc. cit. 
Fig. 2.380), D. aff. paradoxa (loc. cit. Fig. 2.391), and D. petiolaris (loc. cit. Figs 2.398, 2.401). It is likely that 
stipules are present in most members of D. sect. Lasiocephala though they were not observed in D. subtilis 
N.G.Marchant (Lowrie et al. 2017). 


The indumentum on the petioles of Drosera stipularis is much sparser and finer than D. lanata and D. petiolaris 
and appears to be predominantly (but obscurely) dendritic, with a few simple hairs observed among the 
dendritic hairs ( R.L.Barrett pers. obs.). Many species in D. sect. Lasiocephala exhibit significant elongation of 
the petioles post-anthesis (Lowrie 2013). In D. stipularis, the petiole does not elongate as the plants age, as it 
does in the apparently closely related D. lanata and D. petiolaris, so the mature petioles remain relatively broad. 


The perennating buds of Drosera stipularis are held well above ground level by elongate stems, and this may 
offer protection from reflected heat under exposed conditions, as documented for pygmy Drosera species in 
south-western Australia (Pate 1989). Elongate stems are also seen in D. paradoxa Lowrie from the Northern 
Territory and Western Australia, however this species differs from D. stipularis in its long, thin petioles at 
maturity: 20-35 mm v. 4-7 mm long, and 0.2-0.4 mm v. 0.5-0.7 mm wide at centre, and it is unlikely to be 
closely related. 


A comparison of key features is provided with the two most morphologically similar rosetted species of Drosera 
sect. Lasiocephala that also grow on Cape York Peninsula in Table 1. 


Table 1. Key features comparing Drosera lanata, D. petiolaris and D. stipularis. 


Character 
Stems 
Perennating buds 


Stipules 


Petiole elongation post 
anthesis 


Petiole indumentum 


Inflorescence 
Petiole distal end 


Pedicels 


Seed shape 
Habitat 


D. lanata 
Thickened, to 15 mm long 
| At or below ground level 


3.5-7 mm long, not exserted, 


obscured (sometimes prominent 


on new growth) 


Elongates to 40+ mm 


Dense, prominently dendritic 


: Densely hairy below buds 
: Straight 


~1.5-3.0 mm long at anthesis, 


elongating up to 3.9 mm long 
In Truit 


: Ovoid 


Seasonally moist but well-drained 


sands in woodland 


D. petiolaris 
Thickened, to 15 mm long 


At or below ground level 


1.9-2.7 mm long, not exserted, 


obscured 


Elongates to 35+ mm 


Dense to sparse, simple and 
obscurely dendritic 


Sparsely hairy below buds 
Straight 


~1.1-2.0 mm long at anthesis, 
elongating up to 2.5 mm long 
In Truit 


Oblong 


Seasonally moist and sometimes 


inundated sands in sedge lands 
and woodland 


Taxonomy 


D. stipularis 
Slender, to 21 mm tall 
Held above ground level 


3—5 mm long, exserted, 
prominent 


Not elongating (4—7 mm long) 


Sparse, obscurely dendritic 


Mostly glabrous below buds 
Retlexed 


~0.4—0.6 mm long at anthesis, 
elongating up to 1.0 mm long 
In Truit 


Ovoid 


Exposed white sand pockets on 
unconsolidated dunes in low 
heathland 


Drosera stipularis Baleeiro, R.W.Jobson & R.L.Barrett, sp. nov. 


Type: Queensland: Cape York Peninsula, [precise locality withheld] R.W. Jobson 3134 & PC. Baleeiro, 13 Apr 
2016 (holo: NSW 1056757; iso: BRI). 


Diagnosis: Drosera stipularis is similar to D. petiolaris and D. lanata but differs by its slender v. thickened 
stems with perennating buds held above v. at or below ground level, the petiole not elongating post anthesis v. 
elongating to 40 mm long, petiole distal end reflexed v. straight, inflorescences being mostly glabrous v. hairy 
below first flower, short pedicels up to 0.6 mm long v. 3.0 mm long at anthesis, and the prominent stipules 
exserted well above the central rosette v. stipules not being prominent. 
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Small perennial herb with stems 2-21 mm tall, previous seasons growth persistent. Leaves forming a solitary 
rosette 13-25 mm diameter; petioles not elongating post anthesis, 4-7 mm long, 0.5-0.7 mm wide, with sparse, 
obscurely dendritic, white hairs on adaxial surface, dense obscurely dendritic hairs ~2 mm long on abaxial 
surface, with tuft of fine hairs near distal end where reflexed upward forming connection to lamina; lamina 
orbicular, 1.9-2.4 mm diameter, abaxial surface densely hairy, adaxial surface adorned with long glandular 
trichomes near circumference, with shorter or sessile trichomes on inner surface. Centre of rosette adorned 
short upright simple hairs surrounded by upright hyaline stipules. Stipules 3-5 mm long, 0.8-1.1 mm wide at 
base, subulate, tapering towards a partially reflexed apex then finely divided into 4-5 appendages. Inflorescence 
1-3 per rosette, 25-125 mm long, 10-35 flowers in a scorpiod cyme; dense clusters of rosettes occasionally 
in place of flowers (possibly apomictic). Peduncle 15-40 mm long, ~2.5 mm wide near base, tapering slightly, 
mostly glabrous to just below the first flower, becoming hairy above first flower, indumentum of dense white 
appressed hairs. Pedicels short, mostly curved downward, 0.4-0.6 mm long, elongating to 1.0 mm long in 
fruit. Sepals obovate, 1.5-2 mm long, margin entire, abaxial surface dense indumentum of simple yellowish 
or whitish hairs. Petals obovate, margin entire, apex rounded, white, ~4 mm long, ~2.5 mm wide. Stamens 5, 
0.8-1 mm long, filaments white, anthers and pollen orange. Ovary white, turbinate, 0.5-0.6 mm diameter. 
Styles 3, white, dividing into a few segments from near the apex. Stigmas white, papillose. Seeds black, ovoid, 
0.4 mm long, 0.2 mm wide, surface with rows of prominent oblong cells giving a somewhat striated appearance. 
Figures 1 and 2. 


Fig. 1. Drosera stipularis A, habit, showing stem with previous years growth persistent; B, rosette; C, partial inflorescence 
showing spent buds; D, flower. All images by P.C. Baleeiro. 
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Fig. 2. Drosera stipularis A, leaf - dorsal-view (top) and side-view (bottom) showing indumentum; B, stipules. Scale bars 
= 1.0 mm. All images by R.L. Barrett. 
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Fig. 3. Drosera stipularis habitat east of Starke National Park on Cape York Peninsula, Queensland, showing a sand pocket 
microhabitat in background. Image by R.W. Jobson. 


Additional specimens examined: Queensland: Cape York Peninsula, North of Cooktown [precise locality 
withheld], 6 Jul 2013, R.W. Jobson 1928 e& D. Quinn (NSW 977107). 


Etymology: The specific epithet refers to the erect to spreading stipules exserted above the central rosette. 


Distribution and Ecology: Known only from two collections north of Cooktown and east of Starke National 
Park. Our examination of Drosera collections at BRI, and NSW, and examination of images of collections from 
the vicinity (held at CNS and JCU), uncovered no additional specimens. Both 2013 and 2016 specimens were 
located c. 300 m apart from each other. Found on moist pockets (each pocket c. 20 m’) of fine sand substrate 
within low heath and sedges (Fig. 3). The moist fine sand pockets were infrequent across the location and 
were not observed elsewhere in nearby habitat. Within each pocket D. stipularis was common, forming several 
scattered colonies each containing c. 30 individuals (P.C. Baleeiro pers. obs.). Found in flower in April and July. 


Conservation status: Drosera stipularis is known only from two collections in non-protected areas near Starke 
National Park and appears to be highly localised. The species may be more widespread and further study 
is required to determine extent of distribution, populations size, threats and conservation status. Localised 
inundation at the time of collection limited the degree to which the broader area could be surveyed. 


Notes: The discovery of Drosera stipularis in a relatively well-explored region of Cape York Peninsula 
underscores the importance of botanical exploration of often over-looked microhabitats. The general 
distribution of D. stipularis overlaps with that of D. lanata and D. petiolaris on the eastern seaboard of Cape 
York Peninsula (Lowrie et al. 2017). The habitat for the latter two species is seasonally moist woodland and 
sedge land while the former is only known from fine sand pockets in low heathland (Fig. 3), and they are not 
known to co-occur. Neither D. lanata or D. petiolaris have petioles as markedly reflexed near the junction with 
the lamina (Fig. 2a), nor are their stipules exserted well above the central rosette (Figs 1, 2b). Likewise, they are 
not known to form a stem-like structure (Fig. la), instead the stem in both D. lanata and D. petiolaris is not 
obvious, remaining close to the ground. 
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Abstract 


Cryptic bryophyte species exhibit a decoupling in the degree of morphological and molecular divergence, 
as a result of different processes, from recent divergence to stasis. Here a body of cryptic species literature 
comprising 110 papers published between 2000 and the end of 2018 is reviewed. Most studies of cryptic 
species focused on northern hemispheric taxa, but we do not yet have sufficient studies to assess whether a 
geographic bias in the distribution of cryptic species exists, and we dont know how many cryptic bryophyte 
species there might be globally. Fully two-thirds of all studies on cryptic bryophyte species rested their claims 
of morphological crypsis on previous taxonomic investigations, without revision of morphology to confirm 
cryptic species status. There is more than one kind of morphological crypsis, and while quantification of 
morphological patterns can contribute to our understanding of crypsis this isa commonly neglected component. 
Hybridisation is possibly an under-appreciated contributor to cryptic species, but inference of hybridization 
has been limited by study design. Opportunities exist in the application of geometric morphometric methods 
and next generation sequencing technologies to overcome intrinsic limitations in traditional morphological 
and molecular data sources. The usage of ‘cryptic species’ as a tool to flag instances where traditional species 
concepts are deficient devalues the term, and a distinction between genuine crypsis and business as usual 
revision of species circumscription should be re-established and maintained. 


Introduction 
Cryptic bryophyte species 


It is widely acknowledged that species circumscription in bryophytes, and liverworts in particular, is challenging 
due to their lack of structural complexity in comparison with the sporophyte-dominant lineage of land plants 
(Heinrichs et al. 2009; Medina et al. 2012). Crypsis is therefore a matter of perspective, and can be prone to 
personal perception over rigorous definition. Morphological differences among species are often subtle, and 
may be difficult to apprehend in the absence of molecular data corroborating their significance (Cargill et al. 
2016). The modular growth of bryophytes adds to this challenge by increasing the scope for the expression of 
intra-individual variation, which may further erode differences between species. Investigations into bryophyte 
species circumscription tend to bundle the different aspects contributing to the challenge under the phrase 
‘cryptic species. The goal of this review is to investigate reportedly cryptic bryophyte species with reference to 
recently published insights that contribute to our understanding of what cryptic bryophyte species are, how 
they arise, and what we can learn from them. The review addresses three themes: 
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1) How the term ‘cryptic species has been used in bryophyte studies, and how that use has been justified. 
2) What cryptic species can tell us about evolutionary processes, and what we can learn by studying them. 
3) How our approach to characterizing and understanding cryptic bryophyte species can be improved. 


To pursue these themes, a literature review was conducted. ISI Web of Knowledge Core Databases was searched 
using the keyword phrase ‘cryptic AND bryophyte, which returned 128 results (search conducted 5 January 
2019), of which 110 were included in the literature review. The 18 excluded studies either did not treat cryptic 
species directly or were not accessible. For each study the morphological and molecular data sources and methods 
of analysis were scored, as were the provision of a definition for cryptic species and the presentation of taxonomic 
implications. The discussion that follows considers the results of this bryophyte-specific survey within the context 
of the broader body of cryptic species literature, with reference to the key themes identified above. 


What are cryptic bryophyte species? 


Generally, cryptic species exhibit a decoupling between the degree of morphological and molecular divergence 
(Fiser et al. 2017; Struck et al. 2018). A definition of cryptic species was provided by 25% of the 110 studies 
published between 2000 and 2018 included in the survey (Table 1). A lack of morphological difference among 
cryptic species was a common theme across definitions provided by surveyed literature, most of which 
emphasized a lack of morphological diagnosability alongside genetic distinctness, but often without specifying 
precisely how that genetic distinctness was structured. Some definitions did imply a distinct genetic structure, 
for example ‘Cryptic species were groups of related species (Myszczynski et al. 2017). Some studies make the 
point in their definition of cryptic species that the lack of morphological differences does not necessarily hold 
upon detailed re-examination of morphology (Medina et al. 2012). 


Where do cryptic species occur and how many are there? 


The very first cryptic species of bryophyte was identified with molecular techniques in European Conocephalum 
conicum (L.) Dumort.by Szweykowski and Krzakowa (1979), and by 2001 seven cryptic moss and seven 
cryptic liverwort species were known (Shaw 2001), all had been identified when data from molecular sources 
indicated reproductive isolation between individuals that exhibited no significant morphological differences. 
Since 2001 there has been a proliferation of cryptic bryophyte species in published literature. In some cases the 
reproductively isolated groups had been previously recognized as morphs, such as the small and large morphs 
of Conocephalum conicum. Several studies have focused on reproductive relationships across intercontinental 
disjunctions in distribution, and geographic regions from which cryptic bryophyte species have been reported. 
These regions include North America (Therrien et al. 1998; Shaw 2000; Medina et al. 2012), Europe (Hedenas 
et al. 2014), Asia (Bechteler et al. 2016), Africa (Ahonen et al. 2005), and Australasia (Cargill et al. 2013); but 
few studies treat cryptic species from South America and the African continent. Most studies of cryptic species 
come from northern temperate regions, a result that may be confounded by a geographical bias in investigative 
effort, but we do not yet have sufficient studies to assess whether such geographic bias exists, and we dont 
know how many cryptic bryophyte species there might be globally. 


How can we identify cryptic species? 


Cryptic bryophyte species have been reported for all three main bryophyte groups. A brief discussion of one 
example from each will suffice to illustrate the diversity of contexts and approaches to their identification 
and resolution. In a study of the hornwort genus Megaceros Campb. in Australasia, Cargill et al. (2013) tested 
the hypothesis that plants from Australia and New Zealand sharing the same spore ornamentation belonged 
to the same species by including a range of individuals from Australia, New Caledonia, and New Zealand in 
a phylogeny based on three molecular markers (nrITS, rbcL, trnL-F). Spore ornamentation did not delimit 
a monophylum but was associated with three different lineages, comprising species from New Zealand, 
Tasmania, Macquarie Island, mainland Australia, and New Caledonia. Phylogenetic diversity on both sides 
of the Tasman Sea was higher than expected, and taxonomic implications of the investigation were presented 
including the description of the new species of Megaceros austronesophilus Cargill & Seppelt from Tasmania 
and Macquarie Island. 


In a study of the North American liverwort Frullania asagrayana Mont. by Ramaiya et al. (2010), 88 samples were 
genotyped using 13 microsatellites. Individuals were plotted in PCoA, resulting in two clusters whose reproductive 
isolation was tested with admixture analyses performed by STRUCTURE (Pritchard et al. 2000). The number 
of private alleles in each group and the admixture analysis indicated substantial reproductive isolation, but five 
individuals expressing genetic make ups intermediate between groups suggested gene flow from a southern 
group to the predominantly northern group, but none in the opposite direction (Ramaiya et al. 2010). 
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In an explicit test for intercontinentally distributed cryptic species Vigalondo et al. (2017) included individuals 
from recently discovered populations of the moss Orthotrichum acuminatum H.Philib. in Africa and eastern 
North America in a phylogeny with previously known European populations and scored 87 qualitative and 
quantitative morphological characters to test group membership on both data sets. Individuals from all three 
continents formed a monophylum without significant internal phylogenetic subdivision, and grouped into a 
single morphological cluster in PCA, so confirming Orthotrichum acuminatum as having a disjunct distribution 
spanning three continents. In this case the species was not a cryptic complex, but the same approach applied to 
other Orthotrichum Hedw. species has returned that result (e.g. Medina et al. 2012). 


Molecular data 
Molecular data sources 


Before the year 2000, isozymes formed the basis of most molecular datasets by which cryptic bryophyte 
species were recognized. Isozymes are visualized by gel electrophoresis of protein extracts, different proteins 
separate, can be scored, and so inform allele frequencies against which reproductively isolated groups can 
be identified by possession of recurring allele combinations. Molecular sequence data was first applied to 
cryptic Mielichhoferia Nees & Hornsch. species alongside isozyme data, and the two data sources delimited 
the same groups (Shaw 2000). While isozyme use continues either alone or in combination with molecular 
sequence data (4 studies since 2000), Sanger sequencing of one or more loci has become standard practice 
(77 studies), and nearly all studies now establish molecular groups by phylogeny inference from a molecular 
dataset wherein multiple individuals are sampled per species. Seventy percent of studies published since 2000 
include Sanger sequencing (Fig. 1), and the number of molecular markers employed in a single study shows 
a general increasing trend through time. Single marker studies were prevalent between 2000 and 2004, but 
since 2005 three- and four-marker studies (58 total) dominate. These markers encompass both nuclear and 
chloroplast genomes, but only three studies within those captured by the literature survey included a marker 
from the mitochondrial genome. The chloroplast markers used were from a small group of loci: trnL-F, rps4, 
matK, rbcL, and all bar three studies employed a single nuclear marker, nrITS, meaning relationships were 
effectively assessed using two gene trees, the chloroplast being uniparentally inherited JJankowiak et al. 2005; 
Jankowiak-Siuda et al. 2008), probably through the maternal lineage (Natcheva and Cronberg 2007). 


One limitation associated with sequence data for fixed loci, including nrITS and trnL-F is that they have slower 
rates of molecular evolution than sequences from alternative sources such as inter-sequence simple repeats 
(ISSRs) which, like allozymes, may exhibit recurring fixed differences among reproductively isolated groups 
(Vanderpoorten et al. 2003; Spaguluno et al. 2009; Ramaiya et al. 2010). Their capacity to identify reproductive 
isolation in instances where population divergence is recent, or where population size slows coalescence to 
reciprocal monophyly, is therefore limited. Other molecular data sources used to infer cryptic species since 2000 
include AFLPs (1 study: Fernandez et al. 2006), RFLPs (1 study: Wachowiak et al. 2007), and microsatellites 
(5 studies: e.g. Szovényi et al. 2008). One study within the surveyed literature used allozymes (Bijlisma et al. 2000), 
and four others employed isozymes, alone or in combination with other molecular data sources (Szweykowski et 
al. 2005; Buczkowska et al. 2012; Wyatt et al. 2013); only one study used RAPDs (Cronberg 2000). 


Next generation sequencing (NGS) makes large quantities of informative sequence data readily accessible. 
NGS such as anchored / targeted enrichment methods (Lemmon et al. 2012) can sample hundreds of loci using 
small samples of herbarium material that may be one hundred or more years old (Hart et al. 2016), which has 
potential to inform relationships at all levels. NGS is already employed to understand relationships among land 
plants (Gates et al. 2018), but no studies of cryptic bryophyte species published between 2000 and 2018 used 
next generation sequencing technologies. The transfer of NGS technologies to cryptic bryophyte species has 
started (Myszczynski et al. 2017) and will be the next phase in the application of methodological innovation 
for understanding patterns of geographic diversity and reproductive relationships in bryophytes. However, the 
resolution of fine-scale population genetic structure afforded by genomic data could lead to rampant over- 
splitting of species when genetic variation is partitioned among populations (Isaac et al. 2004; Oliver et al. 2015; 
Sukumaran and Knowles 2017; Coates et al. 2018). We will then recover genetically distinct groups sharing 
the same morphology that are not cryptic species (Doughty et al. 2018; Moritz et al. 2018). Genome scans can 
assist by measuring gene flow among populations, but whether restricted gene flow indicates ephemeral or 
enduring isolation cannot be assessed from genetic structure itself (Sukumaran and Knowles 2017). The simple 
identification of population genetic structure is alone insufficient basis for the proposition of cryptic species 
because there is a broader population genetic context that determines the significance of observed differences. 
This broader context can have an historical component. For example, in the modern context during glacial- 
interglacial cycling, populations may experience transient reproductive isolation through climate-mediated 
range contraction, allowing genetic divergence to occur. Accumulated differences could dissolve when climate 
restriction is relaxed, and populations regain genetic contact. This context dependency is also true for patterns 
of morphological variation and difference. 
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Fig. 1. Histograms showing year of publication for 110 cryptic bryophyte species papers included in this literature 
review. Blue sections indicate papers containing the feature A: Quantitative data; B: Taxonomic implications; C: Sanger 
sequencing; D: phylogeny reconstruction. 


The focus on sequence data from a suite of loci has meant that phylogeny reconstruction has become the 
primary mode of data analysis in studies of cryptic bryophyte species; 70% of studies published between 2000 
and 2018 employed this approach (Fig. 1). Other methods have been employed but less frequently, for example 
distance-based analysis of sequence alignments, and presentation of dendrograms based on Neighbour-joining 
algorithms to achieve and represent groups was used in 16 studies. Statistical parsimony (Templeton et al. 
1992) to construct non-hierarchical haplotype networks from an alignment of DNA sequence data was used 
in 18 studies (e.g. Hedenas and Eldenas 2007; Hedenas et al. 2014). 


Molecular criteria for cryptic species recognition. 


It follows from the diversity of data sources employed to achieve groups from molecular data that a diversity 
of criteria for group delimitation have been employed. Isozymes, ISSR, RFLPs and AFLPs all inform genetic 
identity by resolving recurring allele combinations that circumscribe distinct genetic groups, though the kinds 
of alleles differ. Alignments of sequence data are information rich structures that illuminate both genetic 
identity and history. One or both of these components are employed by a variety of methods to inform species 
circumscription. Automatic Barcode Gap Detection (Puillandre et al. 2012) takes a genetic distance matrix 
derived from a sequence alignment, or other genetic data, and examines the distribution of all pairwise 
distances among samples. In matrices of pairwise genetic distance containing multiple representatives of each 
species, the distribution of distance values is bimodal with peaks corresponding to intra-specific distances and 
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inter-specific distances (Hebert et al. 2003, 2004). The gap between the two modes allows individuals to be 
assigned to genetic groups independent of any other knowledge of relationships (Puillandre et al. 2012). This 
property makes ABGD a suitable approach for identifying primary species hypotheses to test against additional 
evidence within an integrative taxonomic framework; even though empirical studies have demonstrated that 
ABGD tends to under-estimate the number of species (Luo et al. 2018). 


There are also a number of tree-based methods. Genetic groups can be identified by visual inspection of tree 
topology alone, but replication of these groups may not be possible. The focus on phylogeny reconstruction, as 
an aid to species circumscription, is not restricted to bryophytes and neither is the challenge of circumscribing 
species. Hence, a range of algorithmic methods for species assignment based on tree shape, including 
generalised mixed Yule coalescent (GMYC) (Pons et al. 2006; Fujisawa and Barraclough 2013), Poisson tree 
processes (PTP) (Zhang et al. 2013) and Bayesian Phylogenetics and Phylogeography (BPP) (Yang 2015) have 
been developed in response to the universality of a phylogenetic approach to the question of inter-individual 
relationships. A phylogeny containing multiple samples per species will contain branching due to both 
phylogenetic and coalescent processes, therefore a threshold separating these two branching processes should 
be identifiable. In time-calibrated phylogenies this threshold takes the form of a significant increase in the 
slope of lineage-through-time plots corresponding to the packing of intra-specific branches onto the tree. 
This threshold time can then be used in conjunction with topology to assign individuals to genetic groups 
independent of any other knowledge of their relationships. Like ABGD, tree-based approaches provide a 
useful platform for deriving primary species hypotheses that can be tested against additional data within an 
integrative framework. However, empirical and simulation studies have demonstrated that GMYC and PTP 
tend to over-estimate the number of species within a phylogeny (Paz and Crawford 2012; Pentinsaari et al. 2017; 
Renner et al. 2017; Luo et al. 2018). GMYC is based on assumptions of non-recombination, so is appropriate 
for single-gene trees rather than phylogenies (Pons et al. 2006), but whether concatenation of linked markers 
from a linked and predominantly non-recombining genome such as the chloroplast, to estimate a chloroplast 
‘gene tree (as in Renner et al. 2017), is acceptable has not been specifically addressed. 


Morphological data 
Morphological data sources 


A wide range of characters from both gametophyte and sporophyte generations have been used to circumscribe 
species, but generally species circumscriptions emphasize qualitative characters. There are exceptions, 
species circumscription in some genera, including Leucobryum and Rhynchostegium (Vanderpoorten et al. 
2003; Hutseméekers et al. 2012) is reliant upon quantitative characters. Differences in size and shape, by their 
continuous nature, exhibit spectrum-like patterns of variation that have been challenging to accommodate 
within a conceptual framework that strives for discrete species whose member individuals correspond with 
a typical form (Hedenas et al. 2014). Attaining precise species circumscription has often come at the cost of 
accurate delimitation, by which I mean groups that benefit from precise definition using thresholds, within 
continuously varying characters, may suffer by not reflecting real-world biological entities. 


Species circumscription often focuses on character systems acknowledged as informative within a lineage, for 
example patterns of cell differentiation and wall architecture in Sematophyllaceae, lobule teeth morphology 
in Lejeuneaceae (Pécs 2016), spore ornamentation and thallus anatomy in Ricciaceae (Cargill et al. 2016). 
Sometimes cryptic species are missed through this lineage-specific character system focus. For example, 
cryptic species of Homalothecium Schimp., indistinguishable by gametophytic traits, can readily be separated 
by sporophyte morphology (Hedenas et al. 2014). Detailed revision of morphological variation in lieu of 
phylogeny reconstruction can yield subtle yet significant differences from a range of character systems, which 
are often impossible to apprehend independent of an informative a priori grouping of individuals. These 
usually manifest as differences in patterns and parameters of size and shape variation. 


Sometimes a few select characters used by previous studies to circumscribe species have been scored and 
mapped onto a phylogeny in an effort to demonstrate the impossibility of morphological species circumscription 
(Hartmann et al. 2006). Generally such reassement of morphology is in qualitative and subjective terms, 
though there are exceptions (see for example Patsch et al. 2010; Hedenas et al. 2014) 


Morphological criteria. 


How has decoupling between morphological and molecular divergence been measured, and what has it been 
measured against? A recent comprehensive review of cryptic species literature by Struck et al. (2018) found a 
shortfall of morphological criteria for crypsis, of 606 papers surveyed 47% presented no phenotypic data, and 
another 25% reported at least one trait difference between cryptic species, implying the cryptic species were 
often morphologically diagnosable, even if they had been historically confounded. 
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The bryophyte literature surveyed exhibits similar patterns, with 67% of studies presenting no phenotypic data. 
Only 33% (37) of studies surveyed included a re-examination of morphology and of those, less than half (13, or 
12% of the total studies) included collection and analysis of quantitative character data (Fig. 1). Two thirds of all 
bryophyte studies rested their cryptic species claims on previous reports, usually the taxonomic investigations 
that had produced the hypotheses of relationship under scrutiny, without revision of morphology to confirm 
cryptic species status. The vast majority of these studies assumed that prior morphological assessment had 
been comprehensive and effective. 


These paired assumptions are not always justified, and indeed most of the bryophyte cryptic species themselves 
demonstrate this. In morphological studies of bryophytes, the characters assessed often have been selected 
based on published precedent, and fairly relaxed criteria of morphological unity have been applied to the 
results of those investigations. Two weaknesses are introduced to morphological studies as a result. 


1) Lack of comprehensiveness. Taxon circumscriptions within a particular lineage may be dominated by a 
limited number of character systems. For example, in the thallose liverwort Riccia, spore morphology and 
thallus anatomy have been heavily weighted in taxon circumscription (Na-Thalang 1980; Perold 1999). This 
weighting followed widely applied assumptions of phylogenetic conservatism in characters from the sporophyte 
generation, and an assumption that complex gametophytic structures were difficult to evolve, so had a single 
origin (Schuster 1992). The resulting subgeneric classification forced unrelated individuals sharing these 
features into the circumscription of single species, which molecular data inevitably rendered polyphyletic 
(Cargill et al. 2016). Spore morphology has also been widely employed in other taxonomic studies of hornworts 
(Campbell 1982, 1984; Hassel de Menéndez 1990), and species circumscriptions for Asian-Pacific Megaceros 
were heavily reliant upon spore morphology (Cargill et al. 2013). Hasegawa (1983) synonymized many species 
based on continuity in spore size and ornamentation across the Asia-Pacific region, on the grounds that 
observed differences in spore morphology resulted from phenotypic plasticity. Hasegawa (1983) also regarded 
variation in many other aspects of form as environmentally induced, and therefore uninformative with regards 
to species circumscription. 


2) Lack of effectiveness. Many studies emphasize the interpretation of constancy in one or more critical character 
systems as evidence supporting circumscription of single species. The opposite view, where morphological 
differences are interpreted as polymorphisms, in support of circumscription of single species also occurs (So 
2002, 2005). The latter interpretation has usually been motivated by the observation of morphological continuity 
and overlap in size and shape variation between individuals differing in other characters. The impression of 
overall similarity imbued by spectrum-like variation in gross morphology overrides the resolution of the real 
diversity indicated by differences in less conspicuous, but no less significant, facets of morphology (Heinrichs 
et al. 2004). This seems to have been a pervasive issue in the interpretation of morphology, and has had two 
outcomes. Firstly, a reduction in species diversity when actuated in the interpretation of morphological data 
when morphology alone is the basis for taxonomic revision. Secondly, increases in accepted species diversity 
when variable species claims have been re-examined by molecular and morphological data in combination (for 
example Heinrichs et al. 2010; Renner et al. 2018). However, in these instances most of the resulting revised 
species hypotheses may not be in any way cryptic, as in the Radula buccinifera (Hook.f. & Taylor) Gottsche, 
Lindenb. & Nees complex (Renner et al. 2013a), and the application of the term is then inappropriate. By 
applying the term cryptic species as a way of highlighting historical instances of ineffective morphological 
study, we both reduce the value of the term and lose focus on what cryptic species can tell us about evolutionary 
patterns and processes. 


Some studies recognize this incongruity, and use other terms like pseudo-cryptic, semi-cryptic, unnoticed 
or overlooked, alongside or in place of ‘cryptic (Heinrichs et al. 2010; Medina et al. 2012, 2013). Bryophyte 
cryptic species studies confirm one of the main themes in the review of Struck et al. (2018), that the lack of 
operational clarity and consistency represents a serious empirical problem for cryptic species designation. 


What causes cryptic species to form? 


Before we can ask what causes cryptic species to form, we must establish what types of crypsis have been observed. 
A conceptual framework for understanding and defining cryptic species was proposed by Struck et al. (2018) 
that described the relationship between phenotypic disparity and genetic or temporal divergence which, when 
combined with phylogeny, defined four general patterns of phylogenetic discordance with morphological unity 
(Fig. 2). Struck et al. (2018) emphasized the link between effective characterization of patterns and subsequent 
process-driven research into the underlying causes explaining lack of phenotypic differences. 
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Fig. 2. Four processes leading to cryptic species, expressed in terms of disparity through time associated with different 
phylogenetic relationships characterizing each. Modified from Struck et al. (2017), with a different representation of 
convergence than the original. 


Identifying the type of crypsis requires both phenotypic and genetic data, the first to gauge the degree 
of phenotypic divergence, the second to assess the time-course of reproductive isolation. These two data 
components are then assessed within a temporal and phylogenetic context, to establish which of the four general 
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patterns of phenotypic crypsis is at hand. These general patterns are summarised below, along with examples of 
the range of processes that produce them, following Struck et al. (2018). Some putative instances of each from 
the bryophyte literature are provided where phenotypic and genetic data is consistent with each pattern. 


Recent divergence. 


Relatively young sister species may have had insufficient time for phenotypic differences to arise and 
accumulate. Northern and Southern groups of Frullania asagrayana are one example of recently diverged 
groups that exhibit no morphological differentiation (Ramaiya et al. 2010). Lineages within the Frullania 
tamarisci (L.) Dumort. complex represent another, wherein slight morphological differences circumscribe 
separate lineages (Heinrichs et al. 2010). 


Stasis 


Relatively old sister species share the same phenotype (Smith et al. 2011). Crypsis may have a number of 
causes, including extrinsic factors such as stabilizing selection, niche conservatism, or intrinsic factors such as 
genetic inertia, lack of genetic variation, or developmental constrains. Phenotypic stasis over geological time 
has been reported for the moss Helicophyllum torquatum (Hook.) Brid. based on morphological similarity 
between fossil and extant individuals (Kubilius et al. 2018). 


Convergence 


Relatively unrelated species share the same phenotype, each having evolved from phenotypically dissimilar 
ancestors. The phenotype ofeach cryptic species isindependently derived, and notaninheritedsymplesiomorphy. 
Because species converge from different phenotypic, genetic and developmental backgrounds, extrinsic factors 
are expected to be more important. The Lejeunea tumida Mitt. complex comes close to an example of cryptic 
species generated by convergence in liverworts. Four species in two pairs on each side of the basal-most node 
within Lejeunea Lib., were attributed to a single species prior to study by morphological and molecular data, 
and do exhibit considerable overlap in gametophyte size and shape (Renner et al. 2010, 2011). However, as 
discussed below these species do not qualify as morphologically cryptic. 


Parallelism 


Parallelism describes equivalent phenotypic shifts experienced by relatively closely related pairs of sister species. 
The phenotype of each cryptic species is independently derived, and not an inherited symplesiomorphy. 
Species converge from similar phenotypic, genetic and developmental backgrounds, and extrinsic or intrinsic 
factors may contribute to evolution. 


Emergent properties of phylogenies, including variation in rates of phenotypic evolution, may be produced 
by stochastic processes (Raup and Gould 1974). It is therefore necessary to test whether observed crypsis 
could be generated by chance, by comparison with expectations under an appropriate null model (Raup 
1977). The possibility that observed patterns of phenotypic disparity have been produced by chance should 
be eliminated before seeking mechanistic explanations (Raup and Gould 1974). The rates of morphological 
evolution for cryptic species produced by stasis should be significantly lower than non-cryptic species. 
There have been few studies of rates of morphological evolution in liverworts. The only relevant study, 
on Leptoscyphus Mitt., measured rates of state transition in the order of millions of years, so on geological 
timescales (Devos and Vanderpoorten 2008). Other studies have inferred stasis over tens of millions of years 
on the basis that amber inclusions have been assigned to extant species (Kubilius et al. 2017). Estimating 
and testing rates of morphological evolution requires the age of divergences among species, yet only 10% of 
surveyed cryptic bryophyte studies were time-calibrated. Time-calibration has remained a vexing issue for 
bryophyte studies. However the generation of more comprehensively sampled phylogenies, particularly those 
based on bait-capture datasets (e.g. Wolf et al. 2018), and the discovery and documentation of fossil species in 
amber (Heinrichs et al. 2014, 2015a, 2015b, 2016, 2017), will both alleviate the shortage of dateable nodes that 
currently constrains phylogeny-based studies of the timescale of morphological evolution. 


What can we learn from cryptic species? 


Thirty studies (27%) addressed taxonomic implications of their identification of cryptic species by modifying 
species circumscriptions in response to their results. This is on the low side given that studies of cryptic species 
tend to falsify pre-existing species hypotheses, and reflects the difficulty of proposing a revised circumscription 
for entities of challenging morphological delimitation. The range of operational definitions applied to the term 
‘cryptic species indicates it has been applied to a diversity of scenarios, and that critical components of the 
definition can be highly subjective (Table 1). So what are the patterns or trends? 
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Table 1. Published definitions for cryptic species, 2001-2018. 


Authors 
Myszczynski et al. (2017) 


Baczkiewicz et a/. (2017) 


Schwarzer and Joshi (2017) 


Hedenas (2017) 


Renner et a/. (2017) 


Karlin and Robinson (2017) 


Schebin et a/. (2016) 
Caparros et al. (2016) 

Li et al. (2015) 

Bakalin and Vilnet (2014) 


Hedenas et a/. (2014) 
Yu et al. (2013) 
Medina et al. (2013) 
Ludwiczuk et a/. (2013) 
Renner et a/. (2013) 
Stech et a/. (2013) 
Medina et a/. (2013) 


Dong et al. (2012) 
Heinrichs et a/. (2011) 


Fuselier et a/. (2011) 


Pokorny et a/. (2011) 
Kreier et a/. (2010) 


Vanderpoorten and Shaw 
(2010) 


von Konrat et a/. (2010) 


Heinrichs et a/. (2010) 
Patsch et al. (2010) 
Fuselier et a/, (2009) 
Heinrichs et a/. (2009a) 


Heinrichs et a/. (2009b) 


Shaw (2001) 
Fiedorow et al. (2001) 


Definition 
cryptic species are groups of related species that are virtually identical or morphologically very similar, 
with unclear morphological boundaries between them 


Cryptic species are taxa which are characterized by distinctive genetic differences, different ecological 
preferences and the complete or nearly complete absence of morphological variations 


genetic groups or cryptic species within existing morphospecies with restricted genetic exchange 


lineages that are molecularly as distinct as those of the morphologically recognized species but which 
lack (known) morphological distinguishing teatures 


cryptic species — instances where morphology tails to provide a reliable basis for inferring relationships 
because separate lineages are not characterized by morphological ditterences 


it is difficult, If not impossible, to separate the three taxa at the macroscopic level and also at the 
microscopic level (Karlin et a/. 2011). Thus they collectively form a cryptic species complex 


morphological similarity between genetically distinct bryophytes 
distinct species have been erroneously classitied (and hidden) under one species name 
incongruity between morphological species concept and molecular evidence 


complex genetic structure has been discovered tor some morphologically circumscribed species with 
quite extensive, e.g., intercontinental, distributional ranges 


lineages that are well defined genetically but appear to be indistinguishable by normally used 
morphological features, and are hence termed “cryptic taxa” 


biological entities with reproductive isolation and/or genetic divergence without recognizable 
morphological disparity 


complex genetic structure that suggested the existence of several cryptic species (Shaw, 2001; Heinrichs 
et a/. 2009), that Is, soecies that are supposedly indistinguishable by comparative morphology 


Populations on a separate continent can be described as morphologically different subspecies, varieties, 
or species, or they can be described as cryptic species demonstrating significant genetic subdivision, 
without morphological divergence 


Occasionally, distinct lineages exhibit no qualitative character differences 


heterogeneity between rates of molecular versus morphological evolution seems to be evident in 
bryophytes, partly leading to a hidden molecular diversity and cryptic speciation 


an assemblage of species that are indeed morphologically distinguishable, but would have been 
considered merely cryptic without morphological re-evaluation 


molecular variation without concordant morphological differentiation 


genetic divergence without accompanying morphological disparities and thus cannot be identified using 
the traditional morphological species concept 


taxa that are similar morphologically but phylogenetically divergent to an extent that they appear to be 
different biological species 


morphologically cryptic phylogenetic structure within widespread taxonomic species 
molecular differentiation without accompanying morphological differentiation) 


Retention of a constant morphology despite genetic divergence over millions, or even tens of millions of 
years, has been termed ‘cryptic speciation’ 


the assumption of a congruence between speciation processes and accumulation of morphological 
disparity between sister species 


biological species whose genetical distinction is not reflected in conspicuous morphological disparities 
“cryptic” diversification [i.e. molecular diversification without accompanying morphological diversification 


However, genetic and morphological evolution can occur at different rates, and vicariant populations can 
undergo significant genetic subdivision without morphological divergence, a process known as cryptic 
speciation 


Genetic variation without concordant morphological variation has usually been regarded as an indication 
of cryptic speciation 


Genetic variation without concordant morphological variation has often been regarded as an Indication 
of cryptic speciation 


morphological uniformity may belie complex underlying genetic structure 


Because they are impossible to distinguish morphologically, they could not be recognized by formal 
taxonomy; thus we treat them as two cryptic species 
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Patterns of morphological variation 


Four processes, each associated with different patterns of phylogenetic discordance, may contribute to cryptic 
species formation. With which patterns of morphological discordance might these phylogenetic processes be 
paired? Would quantification of the pattern of morphological discordance contribute to our understanding of 
evolutionary history? Cryptic species implies morphological unity among two or more species. That there is more 
than one kind of morphological unity is demonstrated by the definitions published in cryptic species studies. 


We can think about the relationship between morphospaces occupied by two or more species in terms of two 
parameters, the mean and the variance (Fig. 3). When the same mean and variance are shared by two species, 
we have morphological unity. When either or both the mean and variance differ, we have morphological 
overlap, the degree of which varies depending on the relative separation of means and magnitude of variance. 
When the magnitude of difference in means exceeds the combined variance, the two species occupy non- 
overlapping morphospaces, they are morphologically discrete. This applies to single morphological characters, 
and multivariate morphological space. A morphological species concept founded on strict discontinuity would, 
in our simplified example, only recognize as species those with non-overlapping variation. All the others from 
this example would, given the definitions published in literature, be regarded as cryptic species. The point 
is that not all cryptic species are the same. They exhibit different degrees of morphological overlap, and one 
may be nested within the range of morphological variation expressed by another. A traditional approach to 
species circumscription may only recognize as species those bounded by morphological discontinuity. The 
term ‘cryptic species as currently employed, is applied to all others. 


A: Patterns of overlap between two species 


Equalmean Unequal mean 
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@ @@orede 
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Fig. 3. Patterns of morphological variation among two species showing patterns of continuity and overlap expressed along 
axes of differences in mean and variance, the green boxes highlight instances where the magnitude of difference among 
means exceeds the combined variation of both species, in other words morphological discontinuity, which would be 
recognized as separate species under a traditional morphological species concept. 


Intergradation of size and shape variation complicates both species circumscription and individual identification 
(Vanderpoorten et al. 2003; Patsch et al. 2010; Hutsemékers et al. 2012). Cryptic species are, by some definitions, 
hidden by complicated patterns of morphological variation (Bickford et al. 2007). If interpreted loosely 
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enough, this definition could apply to a substantial proportion of all bryophyte species. Bryophyte species 
are often circumscribed against size and shape discontinuities, but intra-specific variation in some aspects of 
form may exceed inter-specific differences (Renner et al. 2013b). In that situation, traditional approaches to 
interpretation of morphology, which tend toward rigid fixation on discontinuity, may struggle to profitably 
employ these data sources to circumscribe or identify species. Complicated patterns of continuity and overlap 
may actually have the perverse outcome of devaluing qualitative differences in other structures that are capable 
of circumscribing morphological clusters, possibly due to the over-riding impression of morphological flux 
that size and shape variation enforce (So 2005). An additional and non-trivial complication is that one persons 
‘Obelliptic is anothers ‘obovate, such are the difficulties delimiting discrete subsets of a continuum to which 
we affix descriptive nouns, as any consideration of the application of ovate in the botanical literature will 
attest. Shape is difficult to describe, yet subtle shape differences often circumscribe ‘cryptic species (Renner 
et al. 2018). Traditional morphometric methods that seek to quantify shape all do so by proxy, on the basis of 
metric measurements of various dimensions comprising shape, and so conflate size with geometry (Viscosi 
and Cardini 2011). Geometric morphometric methods (GMM) allow the geometric component of form to be 
extracted and considered on its own merits and in isolation from others (Bookstein 1996; Dryden and Mardia 
1998). As such, geometric morphometrics present a powerful suite of tools for understanding shape differences 
in the context of phylogeny (Sidlauskas 2008), species (Viscosi 2015), ontogeny (Klingenberg 2016), and biotic 
interaction (Klein et al. 2017). Geometric morphometric methods have not been widely applied to bryophytes, 
despite the repeated claim that they are character poor, and despite the need for accurate quantification of 
shape within the context of intra- and inter-specific variation and difference. 


In bryophytes, a lack of morphological differentiation may not necessarily result from lack of available 
morphospace (Bickford et al. 2007), rather one of expansive intra-individual variation (e.g. Renner et al. 
2013b, 2018). Due to their modular construction by iterative replication of the same fundamental structural 
unit, bryophytes, and leafy liverworts in particular, ‘freeze the spatial and temporal variation introduced to 
growth and development through environment by genotype interactions in contemporary form (Renner 
et al. 2013b). Individual shoots may then express the full spectrum of module morphologies and, indeed, 
within Lejeunea most phenotypic variation in gametophyte size and shape was partitioned within individuals. 
Variation within individuals contributed 55% of shape variation and 45% of size variation (as measured by 
sums of squares in an unbalanced experimental design), and differences among individuals contributed 
another 30% of shape variation and 19% of size variation (Renner et al. 2013b). Disconcertingly, inter-specitfic 
differences in size and shape contributed only 27% of shape and 25% of size variation. A similar pattern 
emerged in study of Plagiochila (Dumort.) Dumort., in a complex of species having hierarchically structured 
shoot systems (Renner et al. 2018). In this complex 51.7% of variation was explained by differences between 
primary, secondary, and tertiary shoots, which together comprised single bipinnate shoot systems. Only 29.7% 
of variation was explained by inter-specific morphological differences, and again, intra-individual variation 
swamped inter-species differences and confounded traditional approaches to species circumscription (Engel 
and Smith Merrill 2010; Renner et al. 2018). Fully balanced and nested experimental designs using next 
generation morphometric methods have the potential to quantify the partitioning of morphological variation 
at all levels within the structural hierarchy of bryophyte diversity, from individual shoots to species and higher 
monophyla. Such studies are labour intensive, but insights into variation partitioning, particularly as they 
pertain to morphological crypsis, would be valuable. 


However, despite often considerable intra-specific variation, significant signal can be extracted from phenotype 
using GMM such that the parameters of variation themselves, rather than discontinuities in the distribution of 
variation, can be used to circumscribe species. A direct translation from GMM to species circumscription has 
not been attempted independent of other data sources, but the utility of GMM for species circumscription and 
identification in instances of overlapping size and shape variation is demonstrated by their ability to identify 
individuals belonging to the Plagiochila arbuscula (Brid. ex Lehm. & Lindenb.) Lindenb. complex using leaf 
shape alone, and to assign type specimens to resolved species using the shape of single leaves (Renner et al. 
2018). The quantification of shape variation allows us to assess the degree of morphological overlap among 
species, and perhaps explore the possibility of a mathematical quantification of what it means to be cryptic, 
defined by the now entirely observable parameters of phenotypic variance and mean. 


The power of GMM could be applied to reverse engineer the detection of cryptic bryophyte species. Most 
studies of morphologically cryptic species have proceeded from knowledge of genetic structure to tests of 
phenotypic unity, when the latter has been included. Because bryophytes exhibit hierarchically structured 
modular growth, it may be possible to utilize the partitioning of size and particularly shape variation to 
test hypotheses of species circumscription, despite morphological continuity and overlap, by employing 
Gaussian mixture modelling (Fraley and Raftery 2002) in combination with rater analysis (Fleiss 1971). 
Given a complex of phenotypically variable and confusing forms, by measuring replicate structures for each 
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individual the hypothesis of intra- or inter-individual partitioning of variation can be tested (e.g. Renner et al. 
2009). The beauty of these methods in combination is that mixture modelling achieves replicable phenotypic 
group assignment for each module, and the individual to which modules belong is usually unambiguous. If 
intra-individual polymorphism explains variation, then there should be no correlation between phenotypic 
cluster membership and individual membership, whereas a significant rater correlation indicates that 
different individuals form different phenotypic clusters. While neither is incompatible with the existence of 
cryptic species the latter demonstrates that variation is partitioned among individuals into more than one 
phenotypically circumscribable group. The genetic isolation of this group can then be assessed. 


Process of evolution 


Confusing patterns of morphological variation in the African Sphagnum mendocinum Warnst. and Sphagnum 
planifolium Mull. Hal., and the amphi-Pacific Sphagnum australe Mitt. and Sphagnum falcatulum Besech., were 
demonstrated to result from a history of alloploid hybridisation (Karlin 2014; Karlin and Robinson 2017; Karlin et 
al. 2009, 2011, 2013, 2014). In this elegant series of studies, ploidy was inferred from the pattern of microsatellite 
alleles, whose utility had been demonstrated by Ricca et al. (2008). For example, thirteen of fifteen microsatellites 
had two alleles in S. slooveri, suggesting it is a gametophytic allodiploid (Karlin et al. 2014). Furthermore, 
microsatellites and nucleotide sequences indicated that S. x australe, S. x slooveri A.Eddy, S. x planifolium, and 
S. x falcatulum were all inter-subgeneric hybrids (Karlin 2014; Karlin et al. 2013, 2014). The resultant mixing of 
genomic contributions and morphology contributed to the history of taxonomic confusion associated with each 
species. Extensive morphological overlap between S. cuspidatum Ehrh. ex Hoffm. and previously undetected 
allodiploid S. x falcatulum and allotriploid S. x falcatulum had contributed to historically variable treatments 
of Sphagnum subg. Cuspidata Lindb. , wherein up to 17 species were recognised (Karlin et al. 2013). Reticulate 
evolution in Sphagnum L. was demonstrated by Shaw and Goffinet (2000), and reticulate evolution events at 
species level have been identified in several other bryophyte lineages. The true moss Cinclidium stygium Sw. 
has an allopolyploid origin with C. arcticum (Bruch & Schimp.) Schimp. and C. latifolium Lindb. as parents 
(Wyatt et al. 2013); the Pelleid simple thalloid Pellia x borealis Lorb. has an allopolyploid origin with two cryptic 
species within Pellia epiphylla (L.) Corda as parents (Ordzykoski et al. 1996); and the leafy liverwort Plagiochila 
x britannica Paton is an allodiploid hybrid having P. porelloides (Torr. ex Nees) Lindenb. and P. asplenioides (L.) 
Dumortt. as parents (Barbulescu et al. 2017). Other allopolypoids are known from the moss genera Plagiomnium 
T.J.Kop. (Wyatt et al. 1988), Rhizomnium (Mitt. ex Broth.) T.J.Kop. (Jankowiak et al. 2005), Atrichum P.Beauv. 
(Perley and Jesson 2015), and Polytrichastrum G.L.Sm. (Derda and Wyatt 2000). 


Why are known allopolyploid hybrids numerically biased toward Sphagnum? In Sphagnum multiple low- 
copy nuclear markers have been routinely employed, and cloned. More broadly across bryophytes the general 
focus has been on phylogeny reconstruction, the routine use of a single nuclear marker in most bryophyte 
phylogeny reconstruction, and the emphasis on polyphyly and paraphyly over reticulation in hypothesis 
testing. Generally, hybrids have been identified using standard phylogeny reconstruction methods when gene 
tree incongruence is detected. For example, conflict between nuclear and chloroplast gene trees provided 
unequivocal evidence for the hybrid origin of Plagiochila x britannica Paton (Barbulescu et al. 2017). The same 
kind of incongruence suggested the North American Porella platyphylloidea was of hybrid origin (Heinrichs et 
al. 2011), but this has not been sufficiently investigated. For many allopolyploids, however, this locus-by-locus 
approach may obscure the occurrence of alleles from the different subgenomes that contributed to complex 
allopolyploid hybrids, and concatenation of sequences from different evolutionary lineages introduces noise 
into phylogenetic datasets, which then erodes signal and resolution (Karlin et al. 2014). Cloning has been the 
standard method to establish sequence identity of nuclear homeologues, but this is expensive and laboratory 
intensive work (Rothfels et al. 2017). Nuclear ITS is popular because it is easy to obtain PCR product, and is 
variable across intron sequences. However, genome-wide concerted evolution of nrITS (Alvarez and Wendel 
2003) may remove the signal of subgenome contribution. Unintentional limitations imposed by the design 
of phylogenetic studies themselves may be contributing to low detection rates of reticulate evolution events 
in bryophytes, particularly in complexes of cryptic species exhibiting confusing patterns of morphological 
variation. Indeed there have been previous calls for inclusion of additional nuclear markers (Heinrichs et al. 
2011). The extent to which hybridization may be contributing to both cryptic morphological species, and 
intractable patterns of morphological variation and overlap, is currently unknown, precisely because the 
potential for this contribution has not been fully appreciated (Karlin et al. 2014). 


In another group of spore-bearing plants, ferns, reticulate evolution has significant implications for interpreting 
morphological variation. Considerable morphological variation within the fern previously known as Polystichum 
richardii (Hook.) J.Sm. was the result of morphological overlap between two diploid species of Polystichum Roth 
introduced by their allopolyploid hybrid (Perrie et al. 2003). Reticulate evolution contributes both morphological 
and ecological intermediacy (Perrie et al. 2003; Meimberg et al. 2009), which has been repeatedly demonstrated 
in many fern families (Vogel et al. 1998; Perrie et al. 2010; Ohlsen et al. 2014a,b; Rothfels et al. 2014; Sigel et al. 
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2014), and is acknowledged as a significant diversification process in Pteridophytes (Sigel 2016). To this end, a 
bioinformatics pipeline for disentangling sequences from different subgenomes in hybrid polyploid complexes 


has been developed (Rothfels et al. 2017) that could be applied to bryophytes. 
Species circumscription practices 


Cryptic species have always been intertwined with species circumscription practices. Species concepts in 
the 19" Century were influenced by the assumption that plants from geographically disparate regions would 
belong to different species. Trans-oceanic distances were often vast, and the variety of dispersal modes 
employed by bryophytes were not yet appreciated (Lewis et al. 2014). Modelling studies have shown that 
virtual microbes <20 mm, sizes common in bryophyte spores, have airborne lifetimes averaging half a day or 
more when released at the surface, and are therefore widely dispersible (Wilkinson et al. 2012). In liverworts, 
one of the greatest exponents of a geographical species concept, was Franz Stephani (Gradstein 2006), who was 
a prolific describer of new species in the late 19" and very early 20" Centuries. This geographical perspective 
was widely rejected by mid to late 20" Century bryophyte taxonomists working with morphological data who 
found, in many instances, that plants described from different continents could not be reliably distinguished 
using morphological characters. Many bryophyte species were then revised to have broad inter-continental 
distributions (Schofield and Crum 1972). In the absence of evidence for long-distance dispersal, these 
disjunctions were explained in terms of vicariance linked to the emergent theory of plate tectonics. The 
advent of data on relationships from molecular sources enforced another change of perspective, when broadly 
distributed species were shown to harbor complex genetic structuring (Shaw 2001), and cryptic species became 
part of the rejection of the paradigm that held bryophyte species as ancient, continent-riding ‘sphinxes of the 
past (Shaw 2001). In a way, cryptic species were exactly what 19" Century bryologists implied, reproductively 
isolated species on different continents that were difficult to distinguish with morphology. For a period 
during the early 2000's, the term cryptic species was used to highlight these instances where intercontinentally 
disjunct species exhibited significant geographical genetic substructuring, consistent with the existence of 
more than one species (Shaw 2001), and this usage remains current in bryology (e.g. Medina et al. 2013). 
However, another rather different use has been made of cryptic species in more recent literature, as a way of 
flagging the rejection of established species by new molecular evidence (Bickford et al. 2007). The latter cryptic 
bryophyte species have their roots in inappropriately broad morphological species concepts, given genetic 
data demonstrating reproductive isolation within both geographic and ecological settings (Szweykowski and 
Krzakowa 1979; Shaw 2001). Often these rejected species concepts (e.g. Heinrichs et al. 2009, 2010; Cooper 
and Renner 2014; Renner et al. 2010, 2013a) were founded on strict morphological discontinuity, under 
which species correspond with discrete phenotypic clusters. Using the term cryptic species in that context 
should now be rejected as overly simplistic given the repeated demonstration of morphological continuity 
and overlap among distinct lineages demonstrated by studies combining molecular and morphological data 
(Hutsemekers et al. 2012; Hedenas et al. 2014; Renner et al. 2018). We are increasingly forced to acknowledge 
that strict morphological discontinuity is an inappropriate criterion for species diagnosis and circumscription 
in bryophytes (Renner et al. 2018), and cryptic species studies highlight the recursive nature of hypothesis- 
testing embedded within systematic and phylogenetic studies. 


Species names are placeholders for hypotheses of relationship (Hey et al. 2003; Fitzhugh 2005); they encapsulate 
and distinguish different evolutionary lineages delimited by character data (Fitzhugh 2005). As hypotheses of 
relationship, species make predictions about expected patterns that can be tested against new data sources. 
We expect morphological and genetic data to identify the same groups within a test set of individuals. When 
this is the case, the empirical content of our hypotheses of relationships increases, because they are capable 
of explaining observed patterns across a greater body of data (e.g. Vigalondo et al. 2015). When this is not 
the case, we have grounds for rejecting our original species hypotheses (e.g. Medina et al. 2012, 2013). 
Reconsideration of morphological data may yield character differences previously overlooked, so facilitating 
revised morphological circumscription for new hypotheses of relationships. This outcome increases the 
empirical content of the revised hypothesis because it can now explain patterns across a larger body of data. 
Additional observations from ecology, chemistry, physiology, anatomy, and genomics can be incorporated 
as further tests of group membership predicted by the species hypothesis (de Queiroz 1998). The process of 
reciprocal illumination, whereby species hypotheses are progressively refined by additional observations, and 
old observations revised as species hypotheses are refined, manifests in this integrative loop. 


Revising morphological species circumscriptions when morphology is reconsidered in lieu of molecular 
data is part of good taxonomic and systematic practice. That hypotheses of morphological homology, and 
morphological species circumscriptions can be revised in the light of greater knowledge of relationships and 
more sophisticated morphological analyses should not surprise us, especially considering that some of these 
hypotheses are decades old, predating both the articulation of homology criteria that fuelled the phylogenetic 
revolution, and evidence that contributed to our emerging recognition of the role of long distance dispersal in 
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contemporary distributions. We should therefore maintain a clear distinction between this business-as-usual 
outcome, and instances of genuine crypsis. 


Recommendations 


1) Cryptic species have precise meaning, bounded in genetic and morphological terms. Cryptic species 
should therefore be identified by the combination of morphological and molecular data. The current 
practice of resting claims of morphological crypsis on existing species circumscriptions should be 
discontinued. 


2) The integrative loop combining new molecular and morphological evidence should be completed before 
a claim of morphological crypsis is levelled, and then applied only to those species that resist attempts to 
refine their morphological circumscription, and so cannot be diagnosed on morphological data alone. 


3) Why the term cryptic species is being used should be clearly articulated. 


4) A distinction between genuine crypsis and business-as-usual revision of species circumscriptions should 
be re-established and maintained. 


We need to work toward a perspective whereby we seek to understand patterns and parameters of morphological 
variation for what they are — the products of environment by genotype interactions. Environment and genotype 
maintain a constant dynamic interaction that may be reinterpreted at every reproductive event. 
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Abstract 


A new species of Utricularia (Lentibulariaceae) is recognised for the Northern Territory. A description of 
Utricularia gaagudju R.W.Jobson & Cherry is provided along with a new circumscription for the Western 
Australian species U. kimberleyensis to which it was previously assigned. Diagnostic features are illustrated, 
and distribution, habitat, and conservation status are discussed. 


Introduction 


Taylor (1989) placed U. kimberleyensis within section Pleiochasia Kamiénski of subgen. Polypompholyx sensu 
Miller & Borsch (2005) which, based on molecular data, is now expanded to include section Pleiochasia sensu 
lato (Jobson et al. 2003). After the molecular phylogenetic study of Jobson et al. (2017), U. kimberleyensis was 
moved to the newly assigned section Lasiocaules R.W.Jobson & Baleeiro. Based mainly on similarity of their 
basisolute bracts and bracteoles, Taylor (1989) considered U. kimberleyensis to be most closely related to the 
Kimberley endemic U. georgei P.Taylor and differentiated these two species based on the lack of raised palette 
ridges and deeply three-lobed lower corolla lip of the latter species. 


Taylors (1989) concept of Utricularia kimberleyensis C.A.Gardner was quite variable and included entities 
distributed from the west Kimberley in Western Australia to eastern Arnhem land in the Northern Territory, 
all possessing two short prominent ridges at the base of the corolla lower lip limb in either orange, yellow, or 
white (Lowrie 2013; Jobson et al. 2017, 2018). 


The molecular phylogeny of Jobson et al. (2017) provides strong evidence that U. kimberleyensis is polyphyletic 
which led to the separation and description of the white palate ridged taxon U. bidentata R.W.Jobson & Baleeiro 
which was found to be allied with U. dunlopii P. Taylor and U. wannanii R.W.Jobson & Baleeiro in their clade 
F3. Utricularia bidentata as currently defined has a distribution scattered across the north Kimberley region 
with disjunct records in the Edith River area of the Northern Territory (Jobson et al. 2017). 


All other accessions of U. kimberleyensis used in the phylogenetic study of Jobson et al. (2017) were placed 
sister to U. georgei P.Taylor in clade F2. Within clade F2, U. kimberleyensis formed two sister clades exhibiting 
an allopatric distribution; the first contained two accessions from the Kimberley region, and these possessed 
orange ridges at the base of the corolla lower lip and a fully glabrous peduncle (Jobson et al. 2017). The second 
clade was an assemblage of accessions possessing yellow ridges at the base of the corolla lower lip, hispid lower 
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peduncle, and a distribution across the Top End of the Northern Territory. The latter taxon is here described 
as the new species Utricularia gaagudju R.W.Jobson & Cherry. When specimens were compared against the 
U. kimberleyensis type material (C.A.Gardner 1412, PERTH 01625179; Fig 1.) we found that the accessions in 
group | matched the type specimen in both morphology and geography. 


Taxonomic descriptions and illustrations of U. kimberleyensis provided in Taylor (1989) and Lowrie (2013) 
combine Utricularia gaagudju, U. kimberleyensis, and U. bidentata; the latter of which is discussed in Jobson 
et al. (2018). 


In addition to the molecular evidence of Jobson et al. (2017) we here use morphological evidence to support 
separation of the new species Utricularia gaagudju from U. kimberleyensis and provide descriptions for both species. 


Taxonomy 


Utricularia kimberleyensis C.Gardner, For. Dep. Bull. W. Austral. No. 32: 90 (1923) 


Type: Ashton Creek, Head of Charnley River, Kimberley, W.A., C.A.Gardner 1412; lecto: PERTH 01625179); 
isolecto: NSW 58108!; PERTH 3779696 [as Gardner 912]!. 


Illustrations: R.Erickson, Pl. Prey t. 17, fig. 4 (1968). P.Taylor, Kew Bull., Addit. Ser. 14: fig. 15: 2-4 (1989); 
A.Lowrie, Carn. Pl. Aust. Mag. Op. Vol 3, fig. 12.69: B (2013). 


Small to medium-sized, annual or probably rarely perennial, terrestrial herb. Rhizoids capillary, simple, up 
to 5 mm long, tapering from 0.3 mm thick at base to 0.08 mm near apex, numerous from base of peduncle. 
Stolons few, filiform, hollow, c. 7-12 mm long, 0.1-0.2 mm thick. Leaves few, from base of peduncle, and 1 or 
2 at stolon node, petiolate; lamina obovate or orbicular, 1-2 mm long, 1-2 mm wide, no nerve observed, apex 
rounded. Traps stalked, globose, few at base of peduncle and 1 at nodes and internodes of stolon, + uniform, 
ovoid, 1-3 mm long; mouth basal, with a short, broad, dorso-lateral, sometimes fimbriate appendage up to 
c. 0.4 mm long; ventral wing appendages deeply fimbriate, 1-1.5 mm long. Inflorescence erect, 50-200 mm 
tall, solitary; peduncle terete, glabrous, solid, 0.2-0.5 mm diam. Scales absent. Bracts and bracteoles basally 
connate, unequal, basisolute; bracts 0.7-1.5 mm long, lanceolate with apex acute; bracteoles shorter, ovate 
with apex rounded. Flowers 1-2, pedicels erect, filiform, slightly tapering apically, 8-15 mm long. Calyx lobes 
unequal; upper lobe c. 3.2 mm long, 1.5 mm wide, ovate with apex rounded; lower lobe c. 1.8 mm long 1.5 mm 
wide with apex emarginate. Corolla mauve, 12-18 mm long; upper lip limb 3.5-5.2 mm long, constricted near 
middle, superior part obovate with apex bilobed with rounded apices, inferior part ovate, ciliate on margin; 
lower lip limb, obovate in outline, 5-11 mm long, apex shallowly 3-lobed, with two prominently raised orange 
ridges at base and 2 slightly longer, raised dark mauve ridges on either side; palate shortly pubescent, with 
raised margin; spur cylindrical from a conical base, straight, constricted at the middle, tapering to a narrowly 
rounded apex, at c. 120° to lower-lip limb. Staminal filaments slightly curved, c. 1.6 mm long, anther thecae sub- 
distinct. Ovary globose, c. 1.1 mm long; style short (half as long as ovary); stigma with lower lip transversely 
elliptic, upper lip smaller, deltoid. Capsule globose, 4.1 mm diam., walls thin, dehiscing by a single, ventral, 
longitudinal, marginally thickened slit. Seeds not seen. Pollen: 3-colporate, c. 32 x 32 um (R. W. Jobson 2667 & 
W. Cherry; R.L. Barrett 563). Figs 1, 2a, c, e. 


Additional specimens examined: WESTERN AUSTRALIA: KIMBERLEY: 4.2 km E of New Theda Station 
Homestead, R.L. Barrett 3256 e& M.D. Barrett, 21 Feb 2006 (PERTH); Theda Station, R.W. Jobson 2667 & 
W. Cherry, 16 Apr 2015 (NSW); Karunjie Station, west of confluence of Nugget Creek and Chapman River, 
K.R. Thiele 4987, 4 Jun 2014 (PERTH); south of Mount Barnett Roadhouse, P Docherty 286, 15 Apr 2012 
(PERTH); 8 km SE of Beverley Springs Homestead, R.L. Barrett 563, 11 Apr 1993 (PERTH); north of Beverley 
Springs Homestead, K.F Kenneally 1993, 12 Aug 1974 (PERTH); north of old Mitchell River Station, B.L. 
Koch 575, 9 Jun 1987 (PERTH); On Theda Station, K.E Kenneally 6717, 20 May 1978 (PERTH); north-west of 
Barton Plains Outcamp on Drysdale River, K.E Kenneally 5296, 24 Jun 1976 (PERTH); south of Coucal Gorge, 
Drysdale River National Park, A.S. George 13912, 16 Aug 1975 (PERTH). 


Phenology: Flowers and fruits recorded from April to August. 


Distribution and ecology: Endemic to the Kimberley regions of northern Western Australia. Abundant 
in north-west Kimberley between Charnley River and Drysdale River National Park, and occasional in the 
central Kimberley. Grows in wet sand in grassland (Fig. 4a). 
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fi 
Fig. 2. Utricularia kimberleyensis (a, c, e) and U. gaagudju (b, d, f): a & b, corolla frontal view; c & d, corolla lateral view; 
e & f, peduncle base. Scale bars: a-f = 3 mm. Material used: a, c, e from Jobson 2667 e Cherry (NSW 909478); b, d, f from 
Jobson 2683 & Cherry, (NSW 909516). Images: all by W. Cherry. 
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Fig. 4. Habitat of a, U. kimberleyensis (Kimberley: Theda Station, R.W. Jobson 2667 e& W. Cherry), and b, U. gaagudju (type 
site). Images: all by R.W. Jobson. 


Conservation status: Utricularia kimberleyensis, as circumscribed here, has a distribution across the north- 
west and central Kimberley region of Western Australia. It occurs within the conservation areas Drysdale 
River and Mitchell River National Parks, and it is also known to occur in Prince Regent National Park (R.L. 
Barrett pers. communication). Although it is patchy within colonies, it is locally abundant (R.W. Jobson pers. 
observation), and is not considered threatened. 
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Notes: Gardners original collection number (Gardner 912) was used for the specimen lodged in his personal 
herbarium, whereas he allocated a different number (Gardner 1412) for an identical specimen now lodged at 
PERTH. As was Gardner's custom for his early collections (~1921), the latter collection number was exactly 
500 higher than the former (Wilson 1988). Taylor (1989) cited the type of the name Utricularia kimberleyensis 
as Australia, W. Australia, Charnley River, C.A.Gardner 1412 (PERTH holo.; NSW iso.). We here treat this as 
effective lectotypification. Taylor's citation meets the relevant requirements of ICN Art. 7.11, and therefore his 
use of the terms ‘holo and ‘iso are correctable under ICN Art. 9.10. 


Utricularia gaagudju R.W.Jobson & Cherry, sp. nov. 


Diagnosis: Similar to U. kimberleyensis C.A.Gardner but differs in having a light purple corolla, a lower corolla 
lip with an entire margin and two yellow central ridges at the base, and a basally hispid peduncle. 


Type: Australia: Northern Territory: 55 km NE of Pine Creek, on the Kakadu Hwy., R.W. Jobson 2683 & 
W. Cherry, 17 April 2015 (holo: NSW 909516; iso: DNA, NSW 927127). 


Illustration: P.Taylor, Kew Bull., Addit. Ser. 14: fig. 15: 1, 5-9, as U. kimberleyensis (1989). A.Lowrie, Carn. PI. 
Aust. Mag. Op. Vol 3, fig. 12.69: C-D, as U. kimberleyensis (2013). 


Medium-sized, probably annual, terrestrial herb. Rhizoids capillary, simple, up to 20 mm long, tapering from 
0.4 mm thick at base to 0.09 mm near apex, numerous from base of peduncle. Stolons few, filiform, hollow, 
c. 20-30 mm long, 0.2-0.3 mm thick. Leaves numerous, from base of peduncle, and 1 or 2 at stolon node, 
petiolate; lamina obovate or linear-obovate, 2-5 mm long, 1—2.2 mm wide, with a single nerve, apex rounded. 
Traps stalked, globose, numerous at base of peduncle and 1 at nodes and internodes of stolon, + uniform, 
ovoid, 1.2-7.2 mm long; mouth basal, with a short, broad, dorso-lateral, deeply fimbriate appendage 1-3 mm 
long, sometimes folded downwards adnate to the mouth; ventral wing appendages deeply fimbriate, 3-5 mm 
long. Inflorescence erect, 150-—270(300) mm tall, solitary or in pairs; peduncle terete, glabrous above, hispid 
below, solid, 0.5-0.1 mm diam. Scales absent. Bracts and bracteoles 0.8-1.4 mm long, basally connate, unequal, 
basisolute, bracts lanceolate with apex acute, bracteoles shorter, ovate with apex rounded. Flowers 1-2, pedicels 
erect, filiform, slightly tapering apically, 8-25 mm long. Calyx lobes unequal; upper lobe c. 3 mm long, 2.2 mm 
wide, broadly ovate with apex rounded; lower lobe c. 1.7 mm long 1.2 mm wide with apex emarginate. Corolla 
light purple, 12-13 mm long; upper lip limb 3.5-4 mm long, constricted near middle, superior part obovate with 
apex emarginate, inferior part ovate, ciliate on margin; lower lip limb, transversely elliptic in outline, 6-7.5 mm 
long, with apex rounded, with two prominently raised yellow (becoming white near each base) ridges at base, 
and 2 longer raised purple ridges on either side, bordered by 2-4 darker streaks around edge; palate shortly 
pubescent, with raised margin; spur cylindrical from a conical base, slightly curved forward, restricted at the 
middle, tapering to a narrowly rounded or truncate apex, at c. 90° to lower-lip limb. Staminal filaments curved, 
c. 1.5 mm long, anther thecae sub-distinct. Ovary globose, c. 1.5 mm long; style short (half as long as ovary); 
stigma with lower lip transversely elliptic, upper lip smaller, deltoid. Capsule globose, 3.5 mm diam., walls thin, 
dehiscing by a single, ventral, longitudinal, broadly thickened slit. Seeds obovoid, c. 0.5 mm long, 0.22 mm 
wide. Pollen: 3-colporate, c. 36 x 36 um (R.W. Jobson 2683 & W. Cherry). Figs. 2b, d, f; 3. 


Additional specimens examined: NORTHERN TERRITORY: BatHurst ISLAND: Big Pig Swamp, C.R. 
Mitchell 1449 & R.K. Harwood, 4 May 1998 (DNA); Site BI-9, K.G. Brennan 4682 & I.D. Cowie, 13 Mar 2001 
(DNA); DARWIN AND GULF DistTRIcT: 3.2 km NNE of Adelaide River, R. W. Jobson 3185 & P.C. Baleeiro, 18 Apr 
2016 (NSW); NE of Jabiru on Road to Oenpelli, R.W. Jobson 2218 e& P.C. Baleeiro, 19 Apr 2014 (NSW); 140 km 
NE of Pine Creek on Kakadu Hwy, R.W. Jobson 2204 & PC. Baleeiro, 18 Apr 2014 (NSW); Howard River 
about 6 km out on Gunn Point road, D.E. Murfet 5942 & A. Lowrie, 2 Mar 2008 (AD); 38 km N of Katherine 
on Stuart Highway, D.E. Murfet 5581 & A. Lowrie, 3 Mar 2007 (AD); c. 6 miles NE of Pine Creek, L.G. Adams 
1743, 27 Mar 1967 (CANB). 


Etymology: The specific epithet is a noun in apposition that refers to the Australian Aboriginal language 
Gaagudju formerly spoken in Arnhem Land, in the vicinity, and the namesake of, Kakadu National Park. 


Phenology: Flowers and fruits recorded in March and April. 


Distribution and ecology: Northern Territory from Pine Creek to Jabiru, Daly Basin, and Darwin region. 
Also collected on Bathurst and Melville Islands. Grows in silty areas near boggy creeks with sedges and grasses 


(Fig. 4b). 


Conservation status: Widely distributed across the Top End of the Northern Territory and protected within 
Kakadu and Litchfield National Parks. Not considered threatened. 


Notes: Utricularia gaagudju was previously confused with U. kimberleyensis C.A.Gardner, with the most 
salient difference involving colour of the corolla (light purple v. mauve), the margin of corolla lower lip (entire 
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v. slightly three-lobed), the raised central palate ridges (yellow v. orange) (Fig. 2a, b), the corolla spur (curved 
forward v. straight — Fig. 2c, d), and the peduncle (basal third hispid v. glabrous — Fig. 2e, f). The two species 
tend to differ in habitat, with U. kimberleyensis typically found growing in low grassland in alluvial silt on 
sand flats derived from sandstone (Fig. 4a), while U. gaagudju grows in silty areas near boggy creek-lines on 
sandstone substrate (Fig. 4b). The third member of Taylor's circumscription of U. kimberleyensis (Taylor 1989) 
involves U. bidentata (Jobson et al. 2018), which can be distinguished from the two above mentioned species 
based on the size and colour of the two central ridges at the base of the corolla lower lip (not raised relative to 
adjacent ridges and yellow / orange v. prominently raised relative to adjacent ridges and white). 


Acknowledgements 


We thank the staff at AD, BRI, CANB, DNA and PERTH, for providing specimens and material for loan. We 
are grateful to Catherine Wardrop (NSW) for providing the illustration presented in this paper. We also thank 
Paulo Baleeiro (UQ) for help in the field, and Matt and Russell Barrett (JCU Cairns and NSW respectively), 
and Ian Cowie (DNA) for providing information on morphology and distribution. This work was supported 
by grants to RJ from the Australian Biological Resources Study (ABRS) National Taxonomy Research Grant 
Program (NTRGP) (RFL212-45), and Bush Blitz Tactical Taxonomy Grant (TTC215-23). Scientific Purposes 
permits were obtained through the Commonwealth, Northern Territory, and Western Australian Governments. 


References 


Jobson RW, Baleeiro PC, Barrett MD (2018) Six new species of Utricularia (Lentibulariaceae) from Northern 
Australia. Telopea 21, 57-77. http://dx.doi.org/10.7751/telopea12630 

Jobson RW, Baleeiro PC, Reut MS (2017) Molecular phylogeny of subgenus Polypompholyx (Utricularia; 
Lentibulariaceae) based on three plastid markers: diversification and proposal for a new section. Australian 
Systematic Botany 30, 259-278. https://doi.org/10.1071/SB17003 

Jobson RW, Playford J, Cameron KM, Albert VA (2003) Molecular phylogeny of Lentibulariaceae inferred from 
plastid rps16 intron and trnL-F DNA sequences: implications for character evolution and biogeography. 
Systematic Botany 28: 157-171. https://doi.org/10.1043/0363-6445-28.1.157 

Lowrie A. Carnivorous Plants of Australia-Magnum Opus. Vol. 3. Redfern Natural History Productions, Poole, 
UK. 

Muller K, Borsch T (2005) Phylogenetics of Utricularia (Lentibulariaceae) and molecular evolution of the trnK 
intron in a lineage with high substitutional rates. Plant Systematics and Evolution 250, 39-67. https://doi. 
org/10.1007/s00606-004-0224-1 

Taylor P (1989) The genus Utricularia. Kew Bulletin Additional Series XIV. (HMSO: London) 

Wilson PG (1988) The early collecting numbers of Charles A. Gardner. Australian Systematic Botany Society 
Newsletter 54: 4-6. 


Manuscript submitted 28 November 2019, accepted 29 April 2020 


at, 
w 7 ~ 1 a 
Volume 23: 69-71 | E LO = f \ The Royal 


Publication date: 27 May 2020 BOTANIC GARDENS 
dx.doi.org/10.7751/telopeal4296 Journal of Plant Systematics oy Prasbiates Test 


plantnet.rbgsyd.nsw.gov.au/Telopea ® escholarship.usyd.edu.au/journals/index.php/TEL ¢ ISSN 0312-9764 (Print) e ISSN 2200-4025 (Online) 


Transfer of three species of Cayratia Juss., 
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Abstract 


Phylogenetic studies have shown that Cayratia Juss. is not monophyletic. Cayratia s.str. is now confined to those 
species with a U-shaped endosperm rather than a T-shaped endosperm. The latter are now in three genera 
Causonis Rat., Pseudocayratia J.Wen, L.M.Lu & Z.D.Chen, together with an undescribed African genus. As a 
result, new combinations are required for three species occurring in Australia: Causonis clematidea (F.Muell.) 
Jackes, C. eurynema (B.L.Burtt) Jackes and C. maritima (Jackes) Jackes. Cayratia japonica (Thunb.) Gagnep., 
and Cayratia trifolia (L.) Domin, have been transferred as Causonis japonica (Thunb.) Raf., and Causonis 
trifolia (L.) Mabb. & J.Wen. 


Introduction 


The genus Cayratia was first described by Jussieu (1818) and was subsequently conserved over Columella Lour. 
(Loureiro 1790). Sussenguth (1953) recognized two sections based on the nature of the endosperm: section 
Discypharia Suess., with a T-shaped endosperm, and section Koilosperma Suess., with a U-shaped endosperm. 
Li (1998) regarded these two sections as subgenera based on seed morphology and nature of the inflorescence. 
Phylogenetic studies showed that Cayratia was not monophyletic (Soejima and Wen 2006, Rossetto et al. 2007, 
Trias-Blasi et al. 2012, Lu et al. 2013). Wen et al. (2013) treated taxa in subgenus Discypharia as two separate 
genera thus splitting Cayratia s.lat. into three genera: Cayratia s.str., Causonis and a new African genus. Later, 
Wen et al. (2018a) based on phylogenetic and morphological studies classified the Vitaceae into five tribes, with 
the tribe Cayratieae J. Wen & L.M.Lu including seven genera: Cayratia Juss. s.str., with 25 species, widespread 
throughout tropical and subtropical areas and extending into temperate regions; Causonis Raf., with at 
least 30 species occurring chiefly in the Asian-Australia area; Pseudocayratia, J.Wen, L.M.Lu & Z.D.Chen., 
currently with five species in China and Japan; Acareosperma Gagnep., a monotypic genus occurring in Laos; 
Cyphostemma (Planch.) Alston, is essentially an African genus with about 200 species; Tetrastigma (Miq.) 
Planch., with about 100 species occurring in Asia, Australia and an undescribed African genus “Afrocayratia” 
with about seven species (Wen et al. 2018a). 


Taxonomy 


Causonis can be distinguished from Cayratia s.str., by the seed which in cross section has a T-shaped endosperm 
lacking a membrane covering the two cavities, rather than a U-shaped endosperm with a membrane covering 
the cavities, and also by the large compound inflorescence v. a dichotomous cyme. Morphologically, the newly 
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segregated genus Pseudocayratia can be distinguished from Causonis by a suite of seed characters, as well the 
fruiting pedicels are enlarged and fleshy (Wen et al. 2018b). In Causonis the lateral margins of the endosperm 
are often strongly concave while in Pseudocayratia the lateral margins are only slightly concave if at all. New 
combinations are made for the following three species, detailed descriptions and illustrations can be found in 
Jackes (1987). 


Causonis clematidea (F.Muell.) Jackes, comb. nov. 

Basionym: Vitis clematidea F.Muell., Fragm. 2: 74 (1860) 

Synonyms: Cissus clematidea (F.Muell.) Planchon in A. and C.DC., Monogr. Phan. 5: 566 (1887) 
Cayratia clematidea (F.Muell.) Domin, Fedde, Repert. 11: 264 (1912) 

Lectotype: Clarence River, Qld, H.Beckler s.n. (lecto: MEL 0540138}; isolecto: K) 


Distribution: Usually found on edge of rainforest extending from southern New South Wales to west of 
Mackay in Queensland. 


Causonis eurynema (B.L.Burtt) Jackes, comb. nov. 
Basionym Cayratia eurynema B.L.Burtt, Bull. Misc. Inform., Kew 1939: 179 (1939) 
Type: Comboyne, NSW, May 1935, E.C.Chisholm s.n. (holo: K 000736397!; iso: BRI, L, MO, NSW 142593) 


Distribution: Usually found on rainforest margins from the Barrington Tops area in New South Wales to 
north of Brisbane in Queensland. 


Note: Although the results of a molecular analysis (Rossetto et al. 2007) were inconclusive as to the phylogenetic 
position of C. eurynema, this species lacks the typical U-shaped endosperm of Cayratia s.str. Hence it is being 
transferred to Causonis. Further molecular analyses are required to establish its relationship with other genera 
in the tribe. 


Causonis maritima (Jackes) Jackes, comb. nov. 
Basionym: Cayratia maritima Jackes, Austrobaileya 2(4): 366 (1987) 


Type: Lakefield 15° 07'S, 144°17°E, Qld, 26 Jun 1982, B.R.Jackes s.n. (holo: BRI AQ0441384; iso: A, CANB, 
DNA, K, L, MEL, NSW.) 


Synonym: Vitis carnosa Wall. Cat. 6018 (K), nom. nud. 


Distribution: A widespread vine growing along coastlines and other seasonally inundated areas extending 
from Cairns in North Queensland north to Taiwan. 


Causonis japonica (Thunb.) Raf., Sylva Tellur. 87 (1838). 


A molecular analysis of the Cayratia japonica-Cayratia tenuifolia species complex found that the Australian 
C. japonica formed a monophyletic clade and was clearly distinct from the species complex. The only 
morphological difference noted by Ishikawa et al. (2014) was in the colour of the floral discs. Further studies 
are required to determine if the Australian material is distinct from non-Australian specimens, and if so, it 
should be recognized as a new species. 
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Abstract 


Eucalyptus calidissima (Myrtaceae), anew and highly restricted ironbark species from the Hunter Valley of New 
South Wales is described and illustrated. The new species had previously been included in E. nubilis Maiden & 
Blakely (syn. Eucalyptus nubila L.A.S.Johnson, orth. var.), but differs in the ribbed hypanthium, hemispherical 
to bluntly-conical calyptra which is shorter than the hypanthium, and the slightly larger, globular or occasionally 
obconical, ribbed fruit. At present, E. calidissima is known only from a single population occurring across 
c. 200 ha and is considered rare, but it is not under immediate threat. Amendments to relevant sections of the 
New South Wales and Australian identification keys are provided. 


Introduction 


Vegetation surveys undertaken across parts of the Broken Back Range near Pokolbin in the Hunter Valley 
of New South Wales over recent decades have struggled to satisfactorily place a population of broad-leaved 
ironbarks with glaucous branchlets and buds within currently circumscribed species (described herein as 
Eucalyptus calidissima). Initial collections made by Ian Brooker in the 1970s (AD 97642512, MEL 1611550A) 
were considered by him to represent Eucalyptus nubilis Maiden & Blakely [E. nubila L.A.S.Johnson, orth. 
var., Eucalyptus fibrosa subsp. nubilis (Maiden & Blakely) L.A.S.Johnson; Eucalyptus fibrosa subsp. nubila 
L.A.S.Johnson, orth. var.|, albeit well outside of its known geographical range. One further replicate from 
this same gathering in 1976 (NSW 307956) is attributed to E. nubila x sideroxylon. During the mid-1980s, 
an unpublished manuscript by the late Terry Tame (detailing his field observations within the Hunter Valley 
during the early 1970s and 80s; Tame 1984), records the grey-green leaved E. nubilis for Manobalai Nature 
Reserve and the Wybong area (c. 110 km north-west of Pokolbin), and near Ulan (c. 200 km north-west of 
Pokolbin). Additionally, hand drawn distribution maps associated with that work (provided by T. Tame to 
the first author in c. 2006) show this taxon tentatively marked for a location near Pokolbin, with the note 
“(E. nubila x sideroxylon)” inscribed adjacent. It is possible that this annotation refers to the population 
(probably also represented by NSW 307956) which is the focus of this paper, although some uncertainty in the 
identity of eucalypts at this Pokolbin location may be inferred. There are no further indications in Tame (1984) 
exactly where it was that he recorded these possible hybrid plants, and the associated map is too coarse to 
provide clarification. However, given the putative parents nominated by Tame (E. nubilis and E. sideroxylon), it 
is assumed that what he recorded was the new species described in this paper. Three specimens from this same 
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area later lodged at NSW by Tame in 1999 and identified by him as E. nubilis (NSW 437310, NSW 437313, 
NSW 437315) places it well within the population described here and corroborates this explanation. 


Sixteen years after the initial collections of Brooker, Tunstall et al. (1992) were the next to encounter and 
voucher E. calidissima during surveys of the Commonwealth-owned Singleton Training Area (STA). In the 
absence of any other alternative they attributed trees growing in the southern sections of the STA affronting 
the Broken Back Range to E. nubilis. A specimen lodged by Isobel Crawford and Joan Graham from this area 
(CANB 418772.1, November 1991), and determined by Brooker as E. nubilis, came out of that survey and 
supports this view. Tunstall et al. (1992) noted that the occurrence of E. nubilis at this location represented the 
extreme south-eastern limit of this otherwise more western taxon, and that the closely related E. fibrosa (syn. 
E. fibrosa F.Muell. subsp. fibrosa) was more prevalent across the site. Later, Thomas (1998) and Bell (2001) 
also referred these trees to E. nubilis, yet recognised the disjunct nature of this population, cognisant of the 
considerable distance (> 200 km) between these plants and the bulk of the species distribution west and north 
from Dunedoo. Targeted threatened species surveys across the STA by Hunter (2005) later revealed important 
new information on threatened taxa, including other eucalypt species (summarised in Copeland and Hunter 
2005), noting the presence of E. nubilis but providing no comment on its significance. Most recently, Klaphake 
(2010) and Bell and Carty (2012) have recognised the STA population of ironbarks as potentially representing 
a new taxon of restricted distribution, given morphological differences between specimens occurring there 
and typical E. nubilis, and the disjunct nature of the stand in a region otherwise dominated by E. fibrosa and 
E. crebra, both members of E. ser. Siderophloiae. 


Elsewhere in the Hunter region several other collections of E. nubilis were made between 1960 and 1990. These 
include two collections gathered in 1968 (MEL 1611551A; CANB 445515.1) and 1976 (NSW 307948; MEL 
1611549A; CANB 445543.1; AD 97647168) from the Gungal district (c. 100 km north-west of Pokolbin), one 
in 1974 (AD 97639088) from near Singleton (c. 20 km north-north-west of Pokolbin), and one in 1985 (NSW 
205289-91; CANB 449914.1; MEL 2294720A) from Towarri National Park (c. 100 km north-north-west of 
Pokolbin). The 1974 collection from near Singleton was later re-determined by Brooker as E. fibrosa, but for all 
others field inspections were made by us in September 2018 to verify their identities. These showed E. nubilis 
to dominate the upper slopes of sandstone hills, with trees possessing the characteristic ironbark trunk, grey- 
green to bluish leaves, glaucous buds with conical calyptras, and rounded fruit with strongly exserted valves. 


A further possible collection of E. calidissima, tentatively identified at the time as E. nubilis (CANB 474433.1), 
was made from Milbrodale (c. 15 km west of Pokolbin) in 1991. Inspection of that location in October 2018 
showed only open forest dominated by Eucalyptus crebra and Callitris endlicheri, with scattered individuals 
of E. moluccana, E. punctata and E. fergusonii subsp. dorsiventralis. Viewing of nearby slopes and hills from 
vantage points on this escarpment failed to detect any grey-green or bluish eucalypts, with only Acacia 
bulgaensis providing such colour tones. Notes accompanying the 1991 collection state “bark tessellated halfway 
up trunk then smooth and cream. Light green buds with small brown caps; leaves with slight bluish tinge. These 
traits are consistent with field characteristics of E. fracta rather than E. nubilis, and the former species was in 
fact collected by the first author from this same escarpment approximately 5 km to the north-west in 2006 
(NSW 862264). Viewing of a scanned image of the 1991 collection, showing buds but no fruit, is inconclusive 
but is suggestive of E. fracta. Given only a tentative determination was made of the 1991 collection by Brooker 
in 1998 (as “Eucalyptus fibrosa? subsp. nubila’), it is plausible for this specimen to represent E. fracta, a species 
only described in 1997, rather than E. calidissima. 


Given the long and ongoing confusion over the identity of the grey-green and glaucous Pokolbin ironbarks, 
and their close affinity to the locally dominant yet apparently mutually exclusive E. fibrosa, resolution of this 
40-year anomaly is required. Consequently, we have investigated this population by examination of numerous 
individuals in the field within its known range and compared these to other reported stands of E. nubilis from 
the Sydney Basin. Additionally, study of populations within the Goonoo State Conservation Area near Dubbo, 
the type locality for E. nubilis, have provided a framework within which the new species can be placed. We 
conclude that the Pokolbin population warrants recognition as a new species, described here as E. calidissima. 
Clear morphological differences in the buds and fruit, together with the disjunct distribution of the new 
species relative to the inland and more widely distributed E. nubilis, argue against its placement as a subspecies 
of the latter, as the two entities appear to comprise a topographical and geographical replacement pattern with 
E. fibrosa and another unnamed taxon (E. sp. ‘Yarrawa) (outlined in Discussion). Following Brooker & Slee 
(2000), the term ‘glaucous is used in this paper to refer to a fine whitish surface wax or bloom that is easily 
rubbed off (also known as ‘pruinose’), rather than colour alone. 
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Taxonomy 
Eucalyptus calidissima S.A.J.Bell sp. nov. 


Differs from Eucalyptus nubilis predominantly in the 4-ribbed hypanthium, the shorter, rounded to bluntly 


conical calyptra that is equal in length, or shorter than, the hypanthium, and the slightly larger, slightly to 
strongly ribbed, globular to slightly obconical fruit. 


Type: Australia: New South Wales: North Coast: Pokolbin State Forest, off De Beyers Road, c. 4.2 km SW of 
Pokolbin, Hunter Valley (32°47'10°S 151°15'37°E), S.A.J. Bell 5597, 20 Oct 2018 (holo: NSW 1061184; iso: BRI, 
CANB, DMHN, K, MEL, NE, SYD). 
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Fig. 1. Eucalyptus calidissima; a, flowering and fruiting branch; b, adult leaf, adaxial (upper) surface; c, seed; d, juvenile 
leaf, adaxial (upper) surface; e-h, bud variation; i-m, fruit variation. Scale bar: a = 20 mm; b = 15 mm; c = 0.5 mm; 


d = 15 mm; e-m = 8 mm. Artwork: Chris Rockley (a-d, from isotype) and Van Klaphake (e-m, unvouchered specimens 
from within population at type locality). 
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Tree to 25 m tall. Bark built up in layers, thick, persistent to small branches (c. 4 cm diam.), grey, black or grey- 
brown, inner layers yellowish (‘ironbark’), smallest branches smooth. Branchlets green with a strong glaucous 
covering. Juvenile growth (coppice) with stems terete or weakly square in cross section, strongly glaucous; 
juvenile leaves petiolate, opposite for several pairs then alternate, ovate, 8-11 cm long, 4.5-7 cm wide, slightly 
discolorous, grey-green and glaucous. Adult leaves alternate, petiole 2.5-3 cm long; lamina broadly-lanceolate 
to lanceolate or narrow-lanceolate, 9-20(-24) cm long, 1.5-3.5 cm wide, base tapering to petiole, concolorous, 
dull, strongly grey-green, sometimes glaucous, side-veins c. 45° to midrib, tertiary venation densely to very 
densely reticulate, intramarginal vein parallel to and c. 1 mm from margin. Inflorescence in terminal panicles, 
7-11-flowered; peduncles terete to angled, 0.8-1.8 cm long; buds sessile or on pedicels to 0.5 cm long. Mature 
buds ovoid, moderately to strongly glaucous, 0.7-1.3 cm long, 0.3-0.6 cm wide, scar present; hypanthia 
angular, 4-ribbed; calyptra smooth, hemispherical to bluntly conical, as long as or shorter than hypanthium. 
Flowers white. Fruit sessile or on pedicels to 0.5 cm long, hemispherical or globular to occasionally obconical, 
0.5-1.1 cm long, 0.7-0.9 cm wide, slightly to strongly ribbed longitudinally; disc narrow, level or sunken; valves 
4, rarely 3 or 5, enclosed or slightly exserted. Seeds flattened-ovoid, brown, c. 2 mm long. Figs 1-3. 


Additional specimens examined (scans viewed only): New South Wales: North Coast: Shoulder N end of 
Broken Back Range, WNW of Pokolbin, M.I.H. Brooker 5153, 28 Jun 1976 (AD 97642512, MEL 1611550A); 
Quarry 1.1 km at 22 degrees from Broken Back Trig., I. Crawford e& J. Graham 1472, 28 Nov 1991 (CANB 
418772.1); Foothills of the Broken Back Range, Pokolbin, T'M. Tame 5840, 5841a, 5841b, 18 Apr 1999 (NSW 
437313, NSW 437310, NSW 437315). Additionally, extensive unvouchered material collected independently 
by both authors from throughout the type population over several years has also been examined. 


Illustrations: As Eucalyptus sp. Pokolbin, on page 96 of Eucalypts of the Sydney Region (Klaphake 2010) and 
page 77 of Endemic Plants of the Hunter: Trees and Larger Shrubs (Bell et al. 2019). 


Fig. 2. Mature Eucalyptus calidissima trees, on moderately sloping foot slope of the Broken Back Range, showing grey- 
green canopy. 
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Fig. 3. Eucalyptus calidissima habitat, the new taxon dominating exposed upper slopes, Broken Back Range. 


Distribution: Known only from the lower North Coast of New South Wales, near Pokolbin in the Hunter 
Valley (Fig. 4), where it occurs on the northern foot slopes of the Broken Back Range. Considerable survey 
effort has been expended in this part of the Hunter Valley since the mid-1990s, but no other stands of similar 
ironbarks have been reported. Surveys of Pokolbin State Forest (Binns 1996), Yengo National Park (Bell 
et al. 1993; NSW DECC 2008) and Wollemi National Park (Bell 1998; NSW OEH 2012) have failed to reveal 
additional populations. Further afield, no collections or observations have been reported for Goulburn River 
National Park (Hill 1999), Munghorn Gap Nature Reserve (Hill 1999; NSW DEC 2004), Manobalai Nature 
Reserve and adjacent crown lands (Bell 1997; Peake 1999), or the Myambat army base near Denman (Fallding 
et al. 1997; Jacobs 2014). 


Flowering: Probably sporadic. Buds have been collected in April and August, and flowers have been observed 
in September. 


Habitat: Eucalyptus calidissima is a community dominant on the steep eastern foot slopes of the northern face 
of the Broken Back Range. The geology in this area and elsewhere along the southern rim of the Hunter Valley 
comprises the Wollombi Coal Measures of Permian age, where the lithology is organic rich rocks including 
coal seams, tuffaceous claystones, siltstones, sandstones and conglomerate (Glen and Beckett 1993). Much 
of the surface rock in the area supporting E. calidissima is highly fossilised, and other eucalypts of restricted 
distribution occur in this same general area (E. castrensis, Hill and Stanberg 2002; E. fracta, Hill 1997; E. pumila, 
Cambage 1919). This same geological type also outcrops further north-west along the southern rim of the 
Hunter Valley and extends an additional 60 km to the Yarrawa locality near Denman. Triassic Narrabeen 
sandstones occur immediately above these Permian slopes, often forming near-vertical cliff lines. Associated 
species within Eucalyptus calidissima habitat include Corymbia maculata, Acacia amblygona, A. elongata, 
Pultenaea spinosa, Dillwynia sieberi, Dianella revoluta, Rytidosperma pallidum and Entolasia stricta. At lower 
elevations in this area, the related E. fibrosa replaces E. calidissima, with no apparent intergradation. Further 
afield (<2 km distant), Eucalyptus crebra dominates the landscape with C. maculata and occasional individuals 
of E. crebra can also be found within habitat dominated by E. calidissima. Figures 2 and 3 show views of habitat 
on these talus slopes. 


Ecology: Eucalyptus calidissima forms part of a distinctive topo-sequence with other more-or-less mutually 
exclusive eucalypts that is replicated across several locations along the eastern end of the Broken Back Range. 
Between approximately 170 and 320 m above sea level, E. calidissima occupies a distinct band along the mid- 
slopes where it dominates the canopy. At lower elevations, the species is progressively replaced firstly by E. fibrosa, 
where there is no evidence of inter-breeding, and then by E. crebra and E. moluccana on the valley floor. 
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Fig. 4. Distribution of Eucalyptus calidissima and morphologically similar species in eastern Australia. Inset: magnified 
view of NSW collections. Source: AVH (accessed 23 August 2018, duplicate and dubious records removed). | 
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At higher elevations, E. calidissima is replaced by low woodland of Corymbia eximia and E. squamosa, which 
then gives way to open forest of E. fergusonii subsp. dorsiventralis, E. punctata and E. sparsifolia prior to the 
rugged cliffs of the Broken Back escarpment. This sequence of eucalypt replacement provides strong patterning 
to the landscape in this area. 


Population size: Approximately 200 ha of habitat occupied by E. calidissima occurs at Pokolbin. Given 
observations that two to three mature individuals of E. calidissima were present within 0.04 ha sample plots, 
an estimated population size in the range of 10 000 to 15 000 individuals has been calculated for the species. 


Conservation status: Eucalyptus calidissima is known from a single population which is currently not under 
threat. Much of the population occurs within the STA managed by the Commonwealth Department of Defence, 
together with adjacent lands in the Pokolbin Flora Reserve, Pokolbin State Forest and small areas of private 
property. Following Briggs and Leigh (1996), a conservation risk code of 2RC is here proposed, recognising 
the restricted distribution of the species (<100 km), and the number of plants (<1000) present within Pokolbin 
Flora Reserve. 


Using the Geospatial Conservation Assessment Tool (GeoCAT: http://geocat.kew.org), an Extent of Occurrence 
(EOO) of 3.710 km’ and Area of Occupancy (AOO) of 20 km’ has been calculated. As recommended by IUCN 
(2017), for situations where EOO is smaller than AOO the metric for EOO is altered to that of AOO (i.e. EOO 
is also 20 km’) to ensure consistency with the definition that AOO is an area within EOO. 


Under IUCN (2017) guidelines, E. calidissima does not qualify as Critically endangered, Endangered or 
Vulnerable, as on current information none of the five criteria can be met. There is no data available to 
determine if there has been a reduction in population size consistent with Criterion A, and indeed field 
observations suggest that populations are stable. The calculated EOO places it well within the threshold for 
Critically endangered (<100 km’) under Criterion B, however only one of the three sub-criteria can be met 
(number of locations). The estimated minimum population size of c. 10 000 mature individuals arguably 
places it on the threshold of Criterion C (Vulnerable level only), but none of the relevant sub-criteria are met. 
Similarly, the minimum population size of c. 10 000 individuals excludes Criterion D from consideration for 
any threat level. Under this criterion, the AOO of 20 km’ and number of locations (<5) suggests that Criterion 
D2 may be enacted, however despite the small and restricted population there is an absence of plausible threats 
that may ‘drive the taxon to CR or EX ina very short time. No quantitative analysis of data has been undertaken, 
so Criterion E cannot apply. Additionally, the long lifespan of eucalypts and the clear absence of any significant 
threats argues against a determination of Near Threatened (IUCN 2017): the species is therefore considered 
rare (not an IUCN category) on the basis of its highly restricted distribution. 


Etymology: The specific epithet is based on the Latin calidus (warm or hot) and —issimus (very) and is a 
reference to the wine growing locality of Pokolbin where this species occurs. The origin of the name ‘Pokolbin 
is uncertain, but is thought to be either from the native Darkinjung language meaning ‘very hot place, or was 
a term used to describe the working conditions in the area by early Hungarian immigrants during the 1800s, 
which they referred to as being ‘in the hell’ (Geographical Names Board of New South Wales 2018). Either 
reference is applicable to the chosen epithet. 


Common name: ‘Pokolbin Ironbark’ is suggested as a suitable common name for this taxon, as has been used 
in Klaphake (2010) and Bell et al. (2019). 


Similar species: Within the Hunter region, E. calidissima has historically been confused with E. nubilis due 
to the glaucous branchlets, buds, and juvenile leaves; the grey-green adult leaves; and the general shape and 
size of the fruit. However, the buds of E. nubilis have non-ribbed hypanthia and conical and acute calyptra, in 
contrast to the 4-ribbed hypanthia and the hemispherical to bluntly conical calyptrae of E. calidissima (Fig. 5). 
Also, the fruit valves of E. nubilis are almost always strongly exserted while those of E. calidissima are sunken 
or only marginally exserted above rim level. Eucalyptus fibrosa, which occurs adjacent and sometimes within 
stands of E. calidissima, is also superficially similar but does not have grey-green leaves or glaucous branchlets, 
the juvenile leaves are generally considerably broader and more rounded, and the buds are green and have 
calyptra that are longer than the hypanthia (Fig. 6). An additional putative taxon currently under study, E. sp. 
‘Yarrawa (sensu Klaphake 2010), occurs across northern Wollemi National Park and adjacent areas, but can 
be distinguished on the basis of its obconical rather than globular to hemispherical fruit (rarely obconical 
in E. calidissima) with a broad rather than narrow disc and strongly exserted valves, and the non-glaucous 
branchlets and buds. Some populations of E. sp. “Yarrawa have distinctly grey-green leaves (such as in the 
hills behind Bulga), but the branchlets and buds on these specimens are not glaucous and the fruit are always 
obconical with strongly exserted valves. The glaucous branchlets in Eucalyptus calidissima have been observed 
to persist until branches are at least 2 cm in diameter, assisting recognition of the species. 
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Fig. 5. Upper: Eucalyptus calidissima buds (fresh, showing variation in glaucous trait) and juvenile leaf (Pokolbin SF type 
location). Lower: Eucalyptus nubilis buds (dried) and juvenile leaf (Goonoo State Conservation Area, between Dubbo and 
Mendoran). 
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Fig. 6. Eucalyptus fibrosa buds (fresh), adult leaves and single juvenile leaf (Columbey National Park, Clarencetown). 


The ribbed or winged hypanthia and fruits of E. fergusonii subsp. dorsiventralis may be confused with the buds 
and fruits of E. calidissima, particularly as this taxon occurs on the upper escarpment slopes of the Broken 
Back Range above E. calidissima. However, E. fergusonii subsp. dorsiventralis is part of E. ser. Rhodoxyla, and 
can be easily distinguished from E. calidissima by the longer, fusiform non-glaucous buds, flowers supporting 
staminodes, the long-pedicellate, barrel-shaped fruits (to 1.3 cm long, always longer than wide), the non- 
glaucous branchlets, the discolorous and green adult leaves, and the unlayered bark. 


Given historical confusion and the superficial resemblance of Eucalyptus calidissima to E. nubilis, inspections 
of populations in the vicinity of the type location of E. nubilis have been undertaken to more confidently 
diagnose differences. The type for E. nubilis was collected from the “Dubbo district’ in November 1897 (NSW 
129812), specifically on the Dubbo to Coonamble road (Bean 2009). Subsequent examination of a number 
of populations of E. nubilis in this area (particularly in Goonoo State Conservation Area) in November 2018 
revealed plants with the distinctive blue-green foliage, and although no fresh reproductive material could be 
found, fallen buds displayed terete (non-ribbed) hypanthia with conical calyptra, consistent with the type 
description of E. nubilis (Maiden 1933). Fruit at all inspected locations had strongly exserted valves, although 
those at one stand along Old Mendoran Road were only slightly exserted. Neither Maiden (1933) nor more 
contemporary descriptions of Eucalyptus nubilis (e.g. Johnson 1962; Boland et al. 2006; Slee et al. 2015) 
document buds with ribbed hypanthia and hemispherical calyptra characteristic of E. calidissima. 


Outside of New South Wales, Eucalyptus calidissima appears most similar to E. farinosa and E. atrata, both of 
which are trees of smaller stature (c. 12 m in height) from restricted distributions in north Queensland (Slee 
et al. 2015), more than 1500 km north of Pokolbin. The ovate to orbicular adult leaves of E. farinosa (Slee et al. 
2015) distinguish that species from E. calidissima, which has broadly lanceolate to narrow-lanceolate leaves. 
Additionally, the barrel-shaped fruit of E. farinosa retain their glaucous covering (Slee et al. 2015) which is 
not evident in the globular fruit of E. calidissima, and both buds and fruit are more strongly 4-ribbed than 
E. calidissima. For those E. calidissima specimens lacking 4-ribbed buds, morphological features separating this 
species from E. atrata are more difficult to discern, as both support broadly similar juvenile and adult leaves 
which are comparable in colour and can be glaucous. However, as E. atrata is part of the ‘hard-barked  E. crebra 
group of ironbarks, the thick layered bark of E. calidissima (of the ‘slab-barked' E. fibrosa group, in which layers 
or slabs can be easily prized off: Fig. 7) can be used to differentiate the two. Individual trees of E. calidissima 
can also be considerably taller than E. atrata (up to 25 m cf. 12 m in E. atrata). The buds of E. atrata are 
also often slightly beaked or nippled (not observed in E. calidissima), while most specimens of E. calidissima 
examined in the field support some ribbing of the hypanthia (absent in E. atrata). Additionally, buds and 
fruit of E. calidissima are generally sessile or on pedicels to 5 mm long, while pedicels may be up to 7 mm 
long in E. atrata (Slee et al. 2015). A third glaucous species from northern Queensland (E. whitei) has smaller 
juvenile and adult leaves than E. calidissima, non-ribbed hypanthia often with an acute rather than rounded 
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calyptra, and barrel-shaped fruit. Eucalyptus paedoglauca, also from northern Queensland, bears similarities 
to E. calidissima in juvenile leaf and fruit morphology, but the glaucous trait on branchlets is short-lived and 
buds are non-glaucous (Slee et al. 2015). 
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Fig. 7. Bark of Eucalyptus calidissima, showing layered grey-black outer bark (partly artificially removed revealing 
yellowish inner-bark). 


A diagnostic key to E. calidisstma and morphologically similar species of ironbarks within Australia is presented 
below, modified from Nicolle (2016) and commencing at lead 14 in that work. New entries accommodating 
E. calidissima have been inserted as 19a and 33a, reflecting stands exhibiting the common 4-ribbed buds and 
smooth buds respectively. For New South Wales, a slight modification to the digital Flora of New South Wales 
key (http://plantnet.rbgsyd.nsw.gov.au/floraonline.htm) from lead 18 will sufficiently diagnose E. calidissima. 
The addition of couplets here designated 19a (for specimens with slightly exserted valves) and 22a (valves not 
distinctly exserted) will lead to E. calidissima. 


Partial Key to Eucalyptus ser. Siderophloiae and ser. Rhodoxyla 
(adapted from Nicolle 2016) 
14. Trunk bark rough, hard and deeply fissured (ironbark) 
15. Crown composed mostly or entirely of sessile juvenile leaves 
16. Fruits 3-7 mm long; crown leaves 20-50 mM Wide... eeseesssssetsetceeceeceeeeeeeeeeeeeeeeaeeees E. melanophloia 
16: Fruits 6-10 mm long; crown leaves 30-100 mm Wide........ cc cecsssseeseeseeteeteetecseeseeeeseeseeeesseneeneees E. shirleyi 
15: Crown composed mostly or entirely of petiolate adult leaves 
17. Buds and fruits 4-ribbed and square in cross section 
18. Branchlets, buds and immature fruits pruinose (glaucous) 
IES Peieels by Pima sbOie 2 joes ertverossatenehens sas Sensaa desis sopnedee set ceetesint UA otto Stet NANCE E. caleyi 


19: Pedicels <6 mm long 
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19a. Adult leaves ovate to orbicular, 6-10 cm long, 3-6 cM Wide oe eeeeeeeetseeeteeeeeeeeees E. farinosa 
19a: Adult leaves broad- to narrow-lanceolate, 9-24 cm long, 1.5-3.5 cm wide........... E. calidissima 
18: Branchlets, buds and immature fruits not pruinose (glaucous) 
20), Redicelss¢F Strmnith|Lo ney CC 055945 4.5.6 An ARUN, oe nensnlenedneeceheae dostgeatgen teal Ie, E. quadricostata 
Qs PEGICelS SF: SAAN LONE INGAAS oboe secetersdecendecntncnoenatanstandatadelags oyedchshrhesteredeantearteadeesmteentbes E. tetrapleura 
17: Buds and fruits smooth, terete in cross section 
21. Opercula elongated, longer than hypanthia 
Z2- BUGS ANd: Tits NOE PLUTO SS CE LAUCOUS aya vesececsverceasvenvvbvevtvedvredcoedecusecsncees dyed spesatesenvouantes E. fibrosa 
22: Buds and/or fruits-pruinose (olauCOus) ca cceccseeptseteeseevatsesicsessnescusecqeadeneceetchedteeateuetondinscds E. nubilis 
21: Opercula equal to or shorter than hypanthia 
23. Adult leaves distinctly glossy 
24. Flowers with all filaments fertile (having anthers) 
25. Fruit-valves at of below: rita leVelis..iceccessccseesacssecsacsteasssaseespandecspaidpaspansbespangeespantestas E. granitica 
25: Fruitsvalves exserted- above rim level i,.21,.i:.s0:.daese;ndrenisndaesiandteeeadaatisungetisadearsendeessacds E. ophitica 
24: Flowers with outer filaments lacking anthers (staminodes) 
26 oH EMESIS TINIS HINOT TCA, Sacre oa feces onve sensi ncstery caveats vereatenesesesesns teens teendeatesteaatespryateenceesespesuinst E. virens 
26: Fruits obconic or barrel-shaped 
27. Fruits 6-13 mm long x 5-10 mm wide 
28. Fruits barrel-shaped; juvenile leaves linear to lanceolate... eeeeeeeees E. suffulgens 
28: Fruits obconic; juvenile leaves ovate to lanceolate oo... eescesseceteceteeseeeceteeeeneess E. dura 
27: Fruits 4-7 mm long x 4-6 mm wide 
29. Juvenile leaves ovate; adult leaves 15-35 mm Wide .......eeeeeeeeeeeecceeeeeeeeeees E. melanoleuca 
29: Juvenile leaves linear to narrow-lanceolate; adult leaves 7-16 mm wide...... E. sicilifolia 
23: Adult leaves not glossy, + dull 
30. Branchlets, buds and immature fruits pruinose (glaucous) 
31. Juvenile leaves linear to narrow-lanceolate; fruits 3-5 mm wide; WA and NT......E. jensenii 
31: Juvenile leaves lanceolate to orbicular; fruits 4-8 mm wide; NSW and Qld 
32. Pedicels 5-12 mm long; fruits longer than broad... eeceseeteeseeeeeeceeeeeeeeeeneees E. caleyi 
32: Pedicels 2-6 mm long; fruits about as long as broad 


33. Juvenile leaves 35-80 mm wide; adult leaves 80-240 mm long x 14-35 mm wide; 
opercula rounded or slightly acute; Qld and NSW 


33a. Opercula slightly beaked; bark compact and hard; small tree to 12 m.......... E. atrata 


33a: Opercula not beaked; outer bark layers easily levered off; tall tree to 25 m 
sige) Lexy Lee che leg Easths nvabne peal em braanaumtase mem apemignrs ques uvettasseassysey Lees Lee ties Soe, HevtaReuaneuemeanenlest E. calidissma 


33: Juvenile leaves 20-40 mm wide; adult leaves 60-120 mm long x 12-20 mm wide; 
opercula acute; inland plains from near Jericho to Hughenden area in Qld ....... E. whitei 


Amendment to NSW Eucalyptus Key in PlantNET (2018), from lead 18 


18. Valves distinctly exserted (only weakly exserted in E. calidissima) 
19. Buds not glaucous 
20. Calyptra more than twice as long as hypanthium ..0....... eee eeeeescecceccecceccseceeceseeseecssceeececeeeseneeass E. fibrosa 
20: Calyptra less than twice as long as hypanthium 
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PATRI BLES chi: ee RO RTL Tet rede eres er to ee ee Oe Re eR AE AP ADVISE CSET TET ost R ERED E. ophitica 
EE NAS IS ee CRO ITC SOC gt S68 8 bale on ky act tactel Aa Ne We le dic aaa Pe PE ESA ED WH bce doe a Matta se AG E. siderophloia 

19: Buds glaucous 
19a. Hypanthium 4-ribbed, calyptra shorter than hypanthium ......... ee eeeecceeeteeteeeeeteeeees E. calidissima 
19a: Hypanthium not ribbed; calyptra as long or much longer than hypanthium........0.. ee. E. nubilis 


18: Valves not distinctly exserted 


22. Calyptra conical, acute; juvenile leaves orbiculate to broad-lanceolate 


DD § BUGS: C1 AU COUS reevane dee tar Mec tereds ren ved paswuts eeucanstcat Caccsaan aceon cs nomen retin tulad velyilyi clubs llen, E. nubilis 
23: Buds not glaucous 
24. Juvenile leaves broad-lanceolate to ovate, apex acute OF ODtUSE...........cceeeseseeteeeeeeeees E. siderophloia 
24: Juvenile leaves orbictilatesapex TOUNGECU .n.cucseracnescocsvacsrssnouvnonsuecaeadaeacsvstanasanieecdevedneeseaasenesenutcsas’ E. fracta 


22: Calyptra rounded or obtuse; juvenile leaves linear to narrow-lanceolate or ovate 


22a. Fruit 2-4 mm diameter, juvenile leaves linear to lanceolate oe eessesseecesceeceeceteeeceeneeeeenees E. crebra 
22a: Fruit 7-9 mm diameter, juvenile leaves ovate to broad-lanceolate ........ ee eeeceereeeeeees E. calidissima 
Discussion 


The presence or absence of a glaucous bloom on leaves, branchlets and buds is commonly used to distinguish 
different eucalypt taxa. Nicolle and Barrett (2018), for example, have used its presence to formalise two long 
recognised variants of the west Australian Eucalyptus mooreana, with the resulting taxa occupying overlapping 
yet rarely intergrading populations. Glaucousness in the eastern red gums (subseries Erythroxyla) has been 
extensively used for diagnosis in this group (Brooker & Slee 2000), and in certain white gums (series Viminales) 
(e.g. Rule & Walsh 2018). Use of this trait to aid discernment between superficially similar ironbark taxa is not 
unusual in eucalypt taxonomy, and when employed in combination with clear morphological features provides 
a strong tool for diagnosis readily implemented in the field. 


The glaucous trait within E. ser. Siderophloiae (ironbarks) can occur (although variable and uncommon) in 
14 of the 32 described taxa (Eucalyptus atrata, E. caleyi subsp. caleyi, E. caleyi subsp. ovendentii, E. crebra, 
E. farinosa, E. jensenii, E. melanophloia subsp. melanophloia, E. melanophloia subsp. nana, E. nubilis, 
E. paedoglauca, E. quadricostata, E. shirleyi, E. staigeriana, E. whitei), with two additional species in E. ser. 
Melliodorae (E. sideroxylon, E. tricarpa). However, within New South Wales only 4 of 13 ironbark taxa strongly 
possess this trait on leaves and buds (Eucalyptus caleyi subsp. caleyi, E. caleyi subsp. ovendenti, E. melanophloia 
subsp. melanophloia, E. nubilis), although four additional species can be slightly to strongly glaucous in 
some situations (E. fracta, E. ophitica, E. sideroxylon, E. tricarpa). In the absence of other alternatives, it is 
understandable that previous workers have determined specimens of E. calidisstma from Pokolbin as E. nubilis. 


Identification of the broad-leaved ironbarks (i.e. E. fibrosa s. lat., E. nubilis s. lat.) has been problematic within 
the Hunter region for many years. As noted earlier, there has been ongoing confusion regarding the placement 
of the Pokolbin taxon, here described as E. calidissima. Additionally, the identity of stands of broad-leaved 
ironbark across the Triassic sandstone escarpment and hills comprising Yengo, Wollemi and Goulburn 
River National Parks (NPs) and adjacent areas has variously been attributed to either E. fibrosa, E. nubilis or 
both (e.g. Bell 1997, 1998; Hill 1999; OEH 2012). As early as the 1960s, Johnson (1962) described ‘complete 
intergradation between these two taxa in the Goulburn River Valley, influencing his decision to demote them 
to subspecies level. McRae and Cooper (1985) also noted the ‘common intergradation apparent between E. 
fibrosa and E. nubilis in their assessment of the vegetation around Merriwa. Apart from E. calidissima, another 
potential new entity has been documented within these broadly defined taxa. Klaphake (2010), NSW OEH 
(2012) and Bell et al. (2019) all refer to a non-glaucous entity from Wollemi NP as Eucalyptus sp. “Yarrawa. 
NSW OEFH (2012) mapped over 23,000 ha of habitat where this taxon is thought to occur, implying that it is a 
widespread species. Taxonomic research into the affinities and status of E. sp. “Yarrawa is ongoing. 


Further afield to the south-west, three 1994 collections of ironbarks from Port Macquarie Road in the Capertee 
Valley (outside of the Hunter, c. 110 km south-west of Pokolbin) are databased both to E. nubilis (NSW 361335, 
NSW 361337) and E. fibrosa (NSW 361338). This location is c. 150 km south-east of the main distribution 
of E. nubilis, and further study of these collections is required. Field inspections along this road in August 
2018 (as far as the locked national park gate) revealed all observed ironbarks to be E. fibrosa, with no hint of 
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the glaucous branchlets and buds or bluish leaves typical of E. nubilis. However, it is unclear if populations of 
E. nubilis also occur in this area, or if specimens determined as that species represent E. sp. “Yarrawa (or indeed 
E. calidissima). For the wider Capertee area, NSW DEC (2006) document a vegetation community dominated 
by E. nubilis with Callitris endlicheri and C. glaucophylla, and discuss similarities of this vegetation to that in 
the Dubbo area. Given the delineation of similar vegetation including EF. nubilis in the Bylong Valley (Bell & 
Driscoll 2014), c. 85 km to the north and on similar geology, there remains the possibility that E. nubilis might 
occur in the Capertee area. 


Such uncertainty over the identity of broad-leaved ironbarks within the upper Hunter area over several 
decades is reflected in the extent to which both E. fibrosa and E. nubilis have been reported in the unpublished 
literature, with the two species often seemingly occurring within the same habitat and locations. For example, 
Bell (1997, 1998) documents both taxa as diagnostic in vegetation described as Narrabeen Ironbark Woodland 
and Narrabeen Goulburn Valley Ironbark Woodland, as does Peake (1999) for his Allocasuarina Scrub 
Complex on Sandstone and Box Woodland on Basalt, Hill (2000) for her Ironbark Open Forest on Sandstone, 
and NSW OEFH (2012) for their Western Hunter Escarpment Ironbark Forest. Both entities are present on 
Narrabeen sandstone geology in the Bylong Valley, comprising distinct assemblages dominated by one or the 
other species (E. fibrosa in the east, E. nubilis in the west), but rarely occurring together (Bell & Driscoll 2014): 
resolution scale of defined communities may be informative here and requires further investigation. 


Much of the indecision over the identity of ironbarks in this region is explainable by the paucity of reproductive 
material available at the time of field surveys, and on the ambiguity of taxonomic boundaries of taxa 
recognised at the time. As a result, it is unclear how extensive E. fibrosa and E. nubilis are within these lands, 
or if indeed new taxa are present. It seems logical that Eucalyptus calidissima and E. sp. “Yarrawa are closely 
related, and in turn both are related to E. nubilis and E. fibrosa, and all four taxa may exist in a geographical 
and/or topographical replacement pattern within the wider Hunter region such as has been recognised for 
other eucalypt taxa elsewhere (e.g. McDonald et al. 2009; Nicolle & French 2012). Geographically, the more 
easterly distributed E. calidissima is replaced firstly by E. sp. “Yarrawa and then E. nubilis further inland, while 
topographically E. fibrosa is replaced by E. calidissima at higher elevations. Formal recognition of E. calidissima 
here represents the first step in resolving these regional anomalies within this group, and ongoing work aims 
to further elucidate the seemingly more widespread E. sp. “Yarrawa. 
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Abstract 


Two additional species in the Indigofera haplophylla group are described. Indigofera brennanii Peter G. Wilson, 
is a recently discovered taxon that occurs on Groote Eylandt and in Limmen National Park on the adjacent 
mainland. Indigofera fimbriolata Peter G. Wilson is a geographically isolated species that occurs in Bulleringa 
National Park, Queensland; it was formerly included in I. rupicola. Although both taxa are found in national 
parks, their conservation status has not been assessed. A revised key to the group is provided. 


Introduction 


Indigofera L. is the third largest genus of legumes with over 700 accepted species. Its native range includes 
Africa, Asia to the south-west Pacific and Australia, and extends from southern parts of the United States, 
through Mexico to tropical and subtropical America. In Australia there are over 50 endemic species, a number 
of native species that have wide extra- Australian distributions, and twelve introduced taxa. 


In Wilson and Rowe (2004), one of the groups of species included were those with apparently simple leaves 
and elongated pods. Since then, Schrire et al. (2009) have shown that I. ixocarpa, despite its simple leaves, is 
more closely related to the pinnate-leaved I. verruculosa, with which it shares the presence of small wart-like 
protuberances, than it is to I. haplophylla, and, presumably, to the other similar species with simple leaves. The 
new species described here are additions to the I. haplophylla group, which seems to have diversified across 
northern Australia to produce a range of different morphotypes. 


Key to species in the /. haplophylla group 


Te, SP UARUS VEC E: cccclscatacnsaasansadprbseabsenknrhnerhoeetinclve aecta nr seaudawslabad sede Gee lashes cata cauaabaanaatnanpasguaapebaankanaksastvesevemtesuentenrrpalaatiannes 2 
I. 6 Plants with: lax tocde chim better ow tla: 05.2..10d-f5ssssnsseesvandvrafonsdesetssutaderasaasahapubegedsnenstenteat easatrcmereecertadrotees tees taehnie 5 
2, Inflorescences almost always 3-TlOWered: 4.5.45. J.cstssewaezensuvestersnnnsurnebenvedeveden died osedesdsanasavaasparesdgurenvisentons I. triflora 
23, iitlorescences atleast 5: MO Were 5 12d 5.c\ Lack fanhsondenipnsrsnanidbrechrader trerdcerivie prhrnetensaanteenbnursenutvnctgneticearaddoniscoinnanananhe 3 
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S:, “SANE S MAIC as SP ATTA, Foca cecceretes a -txwcdditsd Zanes balset i aclct levis leseaendth loss Sendabsaervempod seam end Skea Riarredgas Rave deds I. ammobia 
B,  PEAVES ALTO WC litical: Ps Cuca > ST STI WWAL GS 3 2 Shep Sete lesi Teed ee Rinse Medea tal anes eau de aE eh SEAS che ones 4 
4. Stipules to 1 mm long; biramous hairs + appressed on branches ...........cceeessssessesseeeeteeeeeeeeeenees I. haplophylla 
4. Stipules 2.5-3.5 mm long; biramous hairs on branchlets with distinctly spreading armas........... I. fimbriolata 
Sy <DLeaves-ellipticdl ainGsthy: PO 1 tintin WAS sesccats assesespdenecenedossbonsbents ioantncasntuedbs da celeastensaoveetenelwataehteaturins I brennanii 
5. Leaves obovate or elliptical (rarely oblong), usually 5-10 mm Wide o... eee eeesesececeeeeeeeeeeeeeeneeeeees I. rupicola 


Descriptions of new taxa 


Indigofera brennanii Peter G. Wilson, sp. nov. 


Diagnosis. Similar to I. rupicola in its decumbent habit but differs by its larger leaves (usual range: 25-41 x 
10-16 mm vs 10-25 x 5-10 mm) that are always glabrous on the upper surface. 


Holotype. Northern Territory: Darwin & Gulf: Groote Islandt [sic], East side of Little Lagoon, near Umbakumba, 
Cowie 10548 e& Dixon, 2 Mar 2005 (NSW, barcode NSW 818825) Isotypes: CANB, barcode CANB 687348 n.v.; 
DNA, barcode D0179473 n.v. 


Indigofera sp. Groote Eylandt (D.J.Dixon 1365 & I.D.Cowie), Cowie et al. (2017) 


Decumbent to spreading, perennial herb with a woody rootstock or taproot; young stems ridged, green, strigose 
with appressed, equally biramous hairs. Leaves simple; stipules linear, 1.5-2.5 mm long, bearing biramous hairs 
and few to many linear to clavate multicellular hairs, not spinescent, semipersistent; petiole 2.5-3.5 mm long; 
multicellular hairs at nodes scarce; stipellae absent. Lamina elliptical or narrowly elliptical, (13—)25-41 mm long, 
(7—-)10-16(-19) mm wide; upper surface green, glabrous; lower surface green, slightly paler than above, with 
sparse, appressed hairs; apex obtuse and very shortly apiculate; veins not particularly prominent. Inflorescences 
(30-)43-58(-67) mm long, longer than the leaf; peduncle 6-17 mm long; axis ridged, angular; bracts triangular, 
c. 0.6 mm long, rarely persistent; flowers pink to purple, pedicel 0.5-1 mm long. Calyx 2.1-2.5 mm long, with 
subequal lobes longer than the length of the tube and moderately dense, white, appressed hairs. Standard pink 
to purplish, suborbicular, c. 4.5 mm high, 4 mm wide. Wings narrowly obovate to spathulate, 4-4.5 mm long, 
1-1.2 mm wide. Keel 5-6 mm long, 1.5-2 mm deep; lateral pockets c. 0.9 mm long; apex acute; hairs moderately 
dense to dense, hyaline to brownish, at the tip and along the bottom; margin ciliate. Staminal tube c. 3 mm long. 
Ovary glabrous. Pod mostly ascending, + terete, 21-35 mm long, c. 2 mm deep, brown, glabrous; apex shortly 
beaked; endocarp spotted; seed c. 7-9 per fruit. Fig. 1. 


Notes. Flower colour taken from collectors notes. A good range of flowering material has not been seen, 
except in photographs of herbarium sheets. 


Etymology. Named for Kym Brennan who, when working for the Office of the Supervising Scientist and 
the Northern Territory Department of Natural Resources, Environment and the Arts, made many important 
collections in the Kakadu/ Alligator Rivers area. He is also the author of publications, both popular (Brennan 
1986) and scientific (Brennan 1996, 2007), that relate to the flora of that region. 


Distribution and habitat. Northern Territory: eastern parts of Arnhem Land and Groote Eylandt, where it has 
been recorded from coastal sand dunes, sandplains in Acacia low open woodlands, and on damp ground under a 
woodland of Melaleuca viridiflora and Corymbia species. The Northern Territory eFlora fact sheet for this taxon 
(http://eflora.nt.gov.au/factsheet?id=1049423) gives its distribution as the Arnhem Coast, the Gulf Coastal, 
and the Gulf Fall and Uplands Bioregions. The fact sheet records flowering as occurring in March-April and 
fruiting in April-May. 


Conservation status. This species has not yet been formally evaluated (fide Cowie et al. 2017) but does occur 
within Limmen National Park, where it has been recorded from a number of sites. According to IUCN criteria 
(IUCN 2019) it would be listed as “Not Evaluated”. 


Other specimens examined. Northern Territory: Darwin & Gulf: Groote Eylandt, Little Lagoon, near 
Umbakumba, Dixon 1365 e Cowie, 9 Mar 2005 (NSW, BRI, CANB, DNA photo!, K, MEL); Groote Eylandt, 
Brennan 6443 e& Dixon, 13 Mar 2005 (DNA photo!); Limmen National Park, Westaway 2488, 18 Apr 2008 
(DNA photo!); Limmen National Park, Short 5596 & Johnson, 19 Apr 2008 (DNA photo!); Limmen National 
Park, Dixon 1812, 20 Apr 2008 (DNA photo!); Charlies Camp, banks of the little Wyrian [Wearyan] River, 
Mitchell 8356, 27 May 2005 (DNA, barcode D0199005 n.v.) 
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Fig. 1. Indigofera brennanii: a. habit; b. fruit; c. adaxial leaf; d. abaxial leaf detail showing biramous hairs; e. stipules. 
Scale bar: a = 55.5mm; b, c = 16.5mm; d = 3.3mm; e = 3mm. All from, Cowie 10548 & Dixon (NSW818825). 


Indigofera fimbriolata Peter G. Wilson, sp. nov. 


Diagnosis. Similar to I. triflora and I. haplophylla in having an erect habit but differing in having much longer 
inflorescences with many more flowers (8-12 at least), and ridged stems bearing biramous hairs with distinctly 
spreading arms. 


Holotype. Queensland: Cook: Donkey Spring Creek, Bulleringa National Park, 80 km NW of Mt Surprise, Forster 
22496 e Booth, 22 Apr 1998 (NSW, barcode NSW 506926). Isotypes: BRI, barcode AQ 605567 n.v.; MEL 0288265 
n.v.; DNA, barcode D0160497 n.v. 


[misapplied name: Indigofera rupicola pro parte (Wilson & Rowe 2004: 670) | 


Erect, multi-stemmed subshrub, to c. 0.5 m high; young stems ridged (ridges running decurrently, in pairs, 
from the base of each leaf), strigose with sparse, distinctly spreading, equally biramous hairs, mixed with dark, 
scattered multicellular hairs. Leaves simple; stipules linear, (1.7—)2.5-3.5 mm long, bearing a few biramous 
hairs, not spinescent, semipersistent; petiole 1-1.8 mm long; multicellular hairs somewhat denser at the nodes, 
red, club-shaped; stipellae absent. Lamina oblong, occasionally narrowly ovate or obovate, (18-)20-34(-37) 
mm long, 6-9.5 mm wide; upper surface dark green, glabrous (except for a few spreading hairs on the margin); 
lower surface paler than above, with sparse, appressed hairs; apex obtuse with short apiculum 0.5-1 mm long; 
veins not prominent. Inflorescences 35-45 mm long, slightly longer than leaves; peduncle (8-)11-—16 mm long; 
bracts narrowly triangular, 0.7-1.1 mm long; flowers pink to purple; pedicel c. 1.5 mm long. Staminal tube 
c. 3 mm long. Ovary probably glabrous. Pod spreading to ascending, terete, 22-24 mm long, c. 2.5 mm deep, 
brown, glabrous; apex shortly beaked; endocarp faintly spotted; seed 6—8(-9) per fruit. Fig. 2. 


Etymology. from the diminutive form of the Latin ‘fimbriata’ (fringed), a reference to the stems minutely 
fringed with spreading hairs. 


Wilson 
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Fig. 2. Indigofera fimbriolata: a. habit; b. fruit; c, d. seeds; e. stipules; f. adaxial leaves showing shape variation; g. abaxial 
leaf detail showing biramous hairs. Scale bar: a = 55.5mm; b, f = 16.5mm; c, d = 2.5mm; e = 3mm; g = 3.3mm. All from 


Forster 22496 e Booth (NSW506926). 
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Notes. Known only from the type collection. Wilson and Rowe (2004) mistakenly included this in I. rupicola 
but it is geographically very isolated from populations of that species and differs in its erect habit, the narrower 
leaves and the spreading stem hairs. It also resembles I. triflora and I. haplophylla but differs from both in 
having many more flowers (8-12 at least) in an inflorescence with much shorter internodes. Flower colour was 
taken from collectors notes; flowering material not seen, so all inflorescence and flower-related features have 
been estimated from the fruiting specimen. 


Conservation status. This species is newly recognised so has not been formally evaluated. According to IUCN 
criteria (IUCN 2019) it would be listed as “Not Evaluated”. The only known collection is from within Bulleringa 
National Park where it was noted to be locally very common. 
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Abstract 


Three species are recognised within the reinstated and recircumscribed genus Chaetospora R.Br. Chaetospora 
is lectotypified on C. curvifolia R.Br. A new combination, Chaetospora subbulbosa (Benth.) K.L.Wilson & 
R.L.Barrett, is made for Schoenus subbulbosus Benth. Lectotypes are selected for Chaetospora aurata Nees, 
Chaetospora curvifolia R.Br., Chaetospora turbinata R.Br., Elynanthus capitatus Nees, Schoenus subbulbosus 
Benth., Schoenus subg. Pseudomesomelaena Kuk. and Schoenus sect. Sphaerocephali Benth. Two species are 
endemic to south-western Australia, while the third is endemic to south-eastern Australia. Full descriptions, 
illustrations and a key to species are provided. All species have anatomy indicative of C, photosynthesis. 


Introduction 


Chaetospora R.Br. is here reinstated as a segregate from Schoenus L., with a novel circumscription. Schoenus 
is a nearly globally-distributed genus exhibiting a significant range of morphological variation (Rye et al. 
1987; Sharpe 1989; Wilson 1993, 1994a,b; Bruhl 1995; Goetghebeur 1998; Wheeler and Graham 2002; Wilson 
et al. 2012; Elliott and Muasya 2017, 2018, 2019; Elliott et al. 2019). A significant amount of work has gone 
into reconstructing a detailed phylogeny for Schoenus and allied genera over the past decade, including some 
re-circumscriptions (Bruhl et al. 2008a, 2008b; Viljoen et al. 2013; Muasya 2016; Musili et al. 2016; Barrett 
et al. 2017, 2019; Larridon et. al. 2018a, 2018b; A. Gibbs et al., unpubl. data). These phylogenetic studies have 
repeatedly found that Schoenus curvifolius (R.Br.) Poir. and two allied species are not related to Schoenus s. str., 
rather they are more closely allied to Tricostularia Nees ex Lehm. 


Two of the three species treated here were published originally in Chaetospora (C. curvifolia R.Br. and 
C. turbinata R.Br; Brown 1810). A third species was described in Elynanthus P.Beauv. ex T.Lestib. by Nees 
(1841). These species were grouped, along with a few species now known to be unrelated, as Schoenus sect. 
Sphaerocephali Benth. (Bentham 1878) or Schoenus subg. Pseudomesomelaena Kuk. (Kiikenthal 1938). Steudel 
(1855) established a new genus Ptilanthelium Steud. for Chaetospora turbinata, a combination which was for 
many years confused with the taxon now known as Ptilothrix deusta (R.Br.) K.L.Wilson, which is more closely 
allied to Mesomelaena Nees (see Wilson 1994a). Wilson (1994a) pointed out that the genus Ptilanthelium was 
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actually based on the taxon known as Schoenus turbinatus (R.Br.) Poir., but there was, at that stage, insufficient 
evidence for excluding it from Schoenus s. lat. 


Brown (1810) diagnosed the genus Chaetospora on the basis of distichous spikelets; few flowers; empty lower 
glumes; the presence of short hypogynous bristles (perianth segments); and deciduous styles. Two of the 
15 species included by Brown in Chaetospora he considered doubtful members. He recognised four informal 
groups in the genus. Species of group I are now placed in Anthelepis R.L.Barrett, K.L.Wilson & J.J.Bruhl, 
Chaetospora and Schoenus; the single group II species is now included in Schoenus; the two species of group 
III were transferred to Gymnoschoenus Nees; and the two doubtfully included species of group IV are now in 
Mesomelaena. 


Chaetospora was accepted by numerous authors until sunk within Schoenus by Bentham (Brown 1810; Kunth 
1816; Schrader 1821, 1832; Chamisso and Schlechtendal 1831; Deitrich 1831; Nees 1835, 1840, 1848; Lehmann 
1844; Hooker 1846, 1853, 1859; Steudel 1855; Mueller 1869, 1875; Boeckeler 1874, 1878, 1882; Franchet and 
Savatier 1878; Bentham 1878), for a wide variety of taxa that differ morphologically in various respects from 
the core species placed in the genus Schoenus. Most such species are now excluded from Schoenus, and placed in 
other genera including Cyathochaeta Nees, Gymnoschoenus, Mesomelaena and Rhynchospora Vahl (Appendix 
1). Bentham (1878) pointed out that the generic concepts were not satisfactory, and included Chaetospora 
within Schoenus, a position that was subsequently almost universally accepted. Since Bentham (1878), most 
treatments have included the majority of species named in Chaetospora by Brown (1810) in Schoenus. As there 
is a surprisingly large number of taxa with names in Chaetospora, a full bibliographic synopsis is not presented, 
but a list of names and their current application is provided in Appendix 1. 


A close relationship between Chaetospora and Tricostularia has been confirmed by molecular data (Zhang 
et al. 2004; Musili et al. 2016; Larridon et al. unpublished data). Published evidence for this relationship 
includes the sub-stomatal cavities in the culms lined with distinctly thickened cells in Chaetospora curvifolia 
(Kaphahn 1905). This character is shared with Tricostularia (Metcalf 1971), which is similar to, but different 
from, such cavities in the leaves and culms of Gymnoschoenus and Reedia (Bruhl 1995). Kaphahn (1905) also 
identified unusual x-shaped silica deposits in some cell walls in C. curvifolia, and nine vascular bundles in the 
leaves, whereas many species of Schoenus have only three (with the extreme of 21 found in S. nigricans L. by 
Kaphahn). Goetghebeur (1986) described the embryo of C. turbinata as Schoenus-type, while Tricostularia has 
a Helothrix-type embryo, as noted by Verbelen (1970). 


The genus Chaetospora is reinstated here for three species traditionally included in Schoenus, all endemic to 
southern Australia, one of which requires a new combination. A morphological characterisation of Chaetospora 
is provided here in preparation for a new global classification of Cyperaceae (Larridon et al. in prep.). 


Methods 


Morphological descriptions were prepared primarily based on material held at CANB, MEL and NSW, with 
additional examination of type specimens at BM, CGE, K and P. Collections at AD, BRI, CGE, HO, K, NE and 
PERTH were also seen. Type specimens seen directly are indicated by ‘!’ and those seen through JSTOR Global 
Plants (January 2020) are indicated as *. All other specimens cited have been seen unless indicated “n.v.’ All 
three species have been examined in the field by all authors. 


Taxonomy 


Chaetospora R.Br., Prodr. 232 (1810), non C.Agardh (1824), non Faurel & Schotter (1965); Schoenus sect. 
Chaetospora (R.Br.) Kuntze in Post & Kuntze, Lex. Gen. Phan. 507 (1903). 


Lectotype species: Chaetospora curvifolia R.Br., here designated. 

=Ptilanthelium Steud., Syn. Pl. Glumac. 2(8-9): 166 (1855). 

Type species: Ptilanthelium chauvinii Steud. (= Chaetospora turbinata R.Br.). 

=Schoenus subg. Pseudomesomelaena Kuk., Repert. Spec. Nov. Regni Veg. 44: 180 (1938). 

Lectotype species: Schoenus curvifolius (R.Br.) Poir. (= Chaetospora curvifolia R.Br.), here designated. 
=Schoenus sect. Sphaerocephali Benth., Fl. Austral. 7: 358 (1878) (as Sphaerocephalae). 

Lectotype species: Schoenus curvifolius (R.Br.) Poir. (= Chaetospora curvifolia R.Br.), here designated. 
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Erect perennials, forming dense tussocks, with short, woody, branched, pseudobulbous rhizomes. Culms not 
noded, slender, rigid, usually sulcate when dried, smooth. Leaves all basal and spirally arranged, with well- 
developed blade, pseudopetiole obscure or absent; blade dorsiventral, flat to channelled above, scaberulous 
on the margins; ligule absent. Lowest inflorescence bract spreading to sub-erect, similar to the leaves, much 
longer than the inflorescence, upper bracts gradually decreasing in length and often mostly hidden among 
the spikelets, lamina linear. Inflorescence condensed-compound, with several short internodes, consisting of 
3-6 close fascicles of branches in the bract axils, but dense and appearing head-like; branches 1 at each node, 
slightly unequal, not exserted from the sheath, rigid, not flexuous, not compressed, glabrous on the margins. 
Spikelets subsessile, in clusters of 1-3, usually 1- or 3-flowered, the rachis straight, not elongated or flexuous. 
Glumes (floral bracts) 5-9, acute or attenuate, spiro-distichous, puberulent or glabrous, scaberulous, ciliate or 
denticulate on the margins and midrib; basal 4 or more glumes sterile; upper glume with a bisexual flower. 
Perianth segments 6, + linear, flat to terete, margins with dense to scattered, white, short, antrorse, ciliate or 
ciliate-plumose hairs, persistent on the nutlet. Stamens 3; filaments glabrous; anthers twisted when dry. Style 
3-fid, slender, of similar thickness throughout, mostly deciduous, a remnant often remaining on the nutlet. 
Nutlet obovoid, obpyriform or turbinate, with 3 whitish ribs, irregularly reticulate to rugulose or tuberculate 
at 40x magnification, shortly hispidulous to scabrous or tuberculate at the apex, otherwise glabrous; embryo 
Schoenus-type. Photosynthetic pathway inferred from anatomy to be C.,, 


Diagnostic characters: This genus is characterised by the combination of: pseudobulbous bases (fig. 1), leaves 
with a well-developed blade; a capitate or turbinate inflorescence subtended by several involucral bracts that 
greatly exceed the spikelets; the inflorescence branches supporting 1-3 spikelets each, the branches very short 
and hidden below the spikelets; a non-flexuous, straight rachilla with very short internodes; and flattened 
to terete, hairy perianth segments and a Schoenus-type embryo. Chaetospora differs from Schoenus and 
Tricostularia as detailed in Table 1. 


Table 1. Diagnostic morphological characters between Chaetospora, Schoenus and Tricostularia. 


Chaetospora Schoenus Tricostularia 
Leaves and bracts usually with very elongated blades; variously with long blades or usually reduced to the sheath and 
ligule absent reduced to sheaths with a tiny a tiny residual blade or occasionally 
residual blade; ligule present or with short blade; ligule absent 


occasionally absent 


Intlorescence compact, branched but appearing paniculate, often loosely arranged, narrow paniculate or paniculate 
head-shaped (capitate to turbinate) spicitorm, a solitary spikelet, or 
sometimes head-like 


Rachilla non-tlexuous, straight rachilla with zigzag rachilla with often non-tlexuous, straight rachilla 
very short internodes elongated internodes 
Anther apiculum glabrous indumented or minutely papillose glabrous 
or glabrous 
Perianth segments present, whitish, tlattened to present or absent, whitish to present, whitish, flattened and 
terete, hairy, not thickened brown, smooth, barbed, ciliate scale-like, hairy, not thickened 
or plumed, terete, flattened or 
thickened 
Embryo Schoenus-type Schoenus-type Helothrix-type 


Distribution: A small genus of three species endemic to southern Australia. 


Habitat: Primarily grows in sandy woodlands and seasonal damplands, also in sand over sandstone, granite, 
laterite and limestone. 


Conservation status: All species are widespread and not considered threatened. 


Etymology: Brown (1810) did not give the derivation of his generic name but it can be inferred to be a combination 
of the Greek words chaete (bristle) and spora (a seed), referring to the nutlet surrounded by bristles. 


Typification: Chaetospora has not previously been lectotypified, and Chaetospora curvifolia is here designated 
as the lectotype to allow use of the generic name for the first two species included in the genus by Brown 
(1810); the other 13 species are not closely related and have been moved to other genera as outlined above. 
The lectotype is chosen on the basis that C. curvifolia is relatively representative of Browns generic description. 


The lectotype of Schoenus subg. Pseudomesomelaena Kuk. is chosen on the basis that Kukenthal (1938) 
discussed the (superficial) similarity between these species and Mesomelaena under Schoenus curvifolius. 


The lectotype of Schoenus sect. Sphaerocephali Benth. is chosen on the basis that it fits the series description 
well (Bentham 1878). The series includes the same three species as subgenus Pseudomesomelaena Kiuk., as 


98 Telopea 23: 95-112, 2020 Barrett, Wilson and Bruhl 


well as S. submicrostachyus Kuk. (named there as S. drummondii Benth.) and Ficinia filiformis (Lam.) Schrad. 
(named there as S. setifolius Benth.). 


Notes: Bruhl and Wilson (2008; listed under Schoenus) confirmed that all three species have C, anatomy, as 
first recognized for C. curvifolia by Takeda et al. (1985). 


The pseudobulbous bases appear externally as if the base of the culm is swollen; however longitudinal 
sectioning of these bases shows that the culms are + uniform in diameter throughout their length or slightly 
tapering at the very base. The apparent swelling is due to the overlapping leaf sheath bases over the small but 
woody rhizome, which give a somewhat bulbous appearance (Fig. 1). These persistent leaf sheaths are likely to 
offer a degree of insulation to the rhizome and associated axillary buds, increasing the ability of each of these 
species to resprout following fire. 


It is possible that the congested inflorescences present a mass floral display that attracts insects that supplement 
wind pollination, as occurs in a few other sedge species, e.g. in Cyperus (Keighery 1984; Wragg and Johnson 
2011) and Rhynchospora (Costa and Machado 2012). 


Each taxon can be distinguished by multiple morphological characteristics as detailed in Table 2 and the key 
to species. 


One previously un-noted difference is in the presence (in C. curvifolia) or absence (in the other two species) 
of sand-binding roots. This root type is defined as being non-mycorrhizal roots whose short or long root hairs 
bind sand particles, usually forming a strong rhizosheath around the root (e.g. as in Lyginia barbata R.Br, 
Restionaceae; Shane et al. 2011). It is one of the nutrient-acquisition features found in herbaceous species 
srowing in dry, nutrient-poor habitats, including various sedges such as Ficinia nodosa (Rottb.) Goetgh., 
Muasya & D.A.Simpson and some species of Lepidosperma (Barrett 2013), as well as various species of Poaceae, 
Restionaceae, Dasypogonaceae and Haemodoraceae (Lamont 1982; Pate and Dixon 1996; Barrett and Dixon 
2001; Brundrett 2009; Shane et al. 2011; Smith et al. 2011; Zemunik et al. 2015). The occurrence of this root- 
type in Cyperaceae remains poorly documented. Its function is similarly poorly understood, but it is known 
that the presence of root hairs is negatively correlated with mycorrhizal associations and is generally positively 
correlated with increased nutrient uptake, particularly in dry, low-nutrient situations (Miller et al. 1999; Gilroy 
and Jones 2000; Dolan and Costa 2001; Jungk 2001; Datta et al. 2011; Shane et al. 2011). 


The dense, fine root hairs in C. curvifolia appear to be eventually sloughed off with the outer epidermis of the 
root, leaving a smooth brown surface on the remaining core of the root. However, we have found at least part of 
the roots covered in persistent root hairs in all specimens examined. Such root hairs have not been observed in 
the other two species, though they are known in other related taxa in southern Australia; Schoenus grandiflorus 
(Nees ex Lehm.) F.Muell., Tetraria australiensis C.B.Clarke, Tetraria microcarpa S.T.Blake, Tetrariopsis octandra 
(Nees) C.B.Clarke, Tricostularia exsul (C.B.Clarke) K.L.Wilson & R.L.Barrett and Tricostularia pauciflora 
(EMuell.) Benth. (R.L.Barrett, pers. obs.). 


Cluster (dauciform) roots, another distinctive root formation found in sedges in nutrient-poor soils (Lamont 
1974), are known in a wide range of members of the tribe Schoeneae (Barrett 2013) but are yet to be observed 
in Chaetospora. 


Table 2. Diagnostic morphological characters in Chaetospora. 


Roots 
Culm diam. (mm) 
Leaf sheath 


Inflorescence 
Spikelets 


Perianth segments 


Anther length (mm) 
Nutlets 


C. curvifolia 
sand-binding 
0.4-1.6 


2—4 cm long; apex scabrous to 
cillolate 


globose to depressed globose; 
dark brown or black 


1-flowered 


1.5-2.0 mm long, flat, margins 
ciliate; longer than nutlet 


2.0-2.5 
faces irregularly reticulate 


C. subbulbosa 

not sand-binding 

1.0-2.5 

2—4 cm long; apex scabrous 


globose to depressed globose; 
pale brown 


3-flowered 


0.2—-0.4 mm long, compressed to 
terete, glabrous or ciliate; shorter 
than the nutlet 


2.3-3.1 
faces irregularly tuberculate 


C. turbinata 
not sand-binding 
Q.6-1.7 


4—7 cm long; apex scabrous to 
cillolate 


obovoid: 
brown 


1-flowered 


1.2-2.0 mm long, compressed to 
bristle-like, plumose; longer than 
nutlet 

1.8-2.5 


faces irregularly faintly reticulate to 
rugulose 
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Fig. 1. Pseodobulbous bases of plants and roots. A, D (sectioned longitudinally to show rounded woody rhizome). 
Chaetospora curvifolia bases. B, E (sectioned). C. subbulbosa bases. C, F (sectioned). C. turbinata bases. G. C. curvifolia 
sand-binding roots. H. C. subbulbosa non sand-binding roots. Vouchers: A, D: R.L. Barrett 5370 (NE); B, E: K.L. Wilson 
2959 (NE); C, F: A.K. Gibbs 49 et al. (NE); G: K.L. Wilson 2692 (NSW); H: R. Cranfield & B. Ward WFM 289 (PERTH). 
White arrows = culms; black arrows = rhizomes. Scale bars: A-F = 1 cm; G, H = 5 mm. Photos A-E by J.J. Bruhl; G, H by 
R.L. Barrett. 
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Key to species of Chaetospora 


1. Inflorescence + obovoid; leaf sheath 4—7 cm long (SE Australia)... escsseesceeeseeeseeeeeeeeeeees C. turbinata 
1: Inflorescence + globose to depressed globose; leaf sheath 2-4 cm long (SW Australia) oe. ee eeeeees 2 


2. Flower head usually black (sometimes dark brown); spikelets 1-flowered; 
perianth segments flat, ciliate, 1.5-2 mm long (about as long as the nutlet) ...... eee C. curvifolia 


2: Flower head rather pale brown; spikelets 3-flowered; perianth segments 
compressed to terete, 0.2-0.4 mm long (much shorter than the nutlet) oe eeeeeeees C. subbulbosa 


Chaetospora curvifolia R.Br., Prodr. 232 (1810); Schoenus curvifolius (R.Br.) Poir., Encycl. Meth. Suppl. 2: 251 
(1811). 


Type citation: “(M.) vv.’ 


Lectotype, here designated: Western Australia: King George Sound, Dec. 1802, R. Brown [Bennett No. 6005] 
(BM 000990995! [plants with pencil annotation ‘B only]. Isolectotype: BM 000990996! [plants with pencil 
annotation ‘B’ only]). 


=Chaetospora aurata Nees, Ann. Nat. Hist. ser. 1, 6: 49 (1841). 


> 


Type citation: ‘ad Flumen Cygnorum lectae, [Drummond] 
Lectotype, here designated: Western Australia: Swan River, 1839, J. Drummond 1” coll. (CGE!). 


Possible residual syntypes: Western Australia: J. Drummond 899 (syn: BM!, E 00685334*). Western Australia; 
J. Drummond 849 [original label looks like 899?] (syn: MEL 2201991!). 


Illustrations: Kaphahan (1905; fig. 12); Clarke (1908; tab. LXXVIIL, fig. 3); Dell and Bennett (1986; 103, fig. 
65i); Bennett and Dundas (1988: 154, fig. 357); Wheeler and Graham (2002; 292, fig.); Keeble (2017; 74, pl.). 


Perennial graminoid herb, 13-50 cm high, roots fine, to 10 cm long, sand-binding. Culms erect, rigid, arising 
from a compact, bulb-like underground base or cluster of bases, nodeless, terete or compressed, 0.4-1.6 mm 
diam., ribbed, glabrous, much longer than leaves. Leaves basal, much shorter than the culms, flexuose; sheath 
2-4 cm long, reddish brown with broad hyaline margins, striate, dull, base becoming fibrous with age, distally 
scabrous to ciliolate, becoming worn and glabrescent with age, margins glabrous; lamina 5-20 cm long, 
0.3-0.9 mm wide, flat to canaliculate, tapering to a fine point, usually markedly curved, margins very finely 
ciliolate; ligule absent. Basal involucral bracts 3-6(-8), leaf-like, margins very finely ciliolate, 2.5-7 cm long, 
surrounding and exceeding inflorescence, the base broadly ovate, centre green to black, margins white to 
translucent. Inflorescence an erect, terminal, subglobular head, 7-15 mm across, 5-12 mm long, dark brown 
or black, with numerous sessile spikelets. Spikelets narrow-ovate, acute, 4.7-6.9 mm long, dark brown to black, 
1 or 2-flowered. Glumes 5-8, lowest 4-7 empty, narrowly ovate, acute or attenuate, dark brown to black (or 
green around keel), dull, 4.2-5.9 mm long, puberulent or glabrous, outer glumes weakly keeled, scaberulous, 
ciliate or denticulate on the margins and keel. Perianth segments 6, 1.5-2 mm long, flat, white, margins ciliate. 
Style 3-branched, base 2.5-3.1 mm long, branches 1.3-2.5 mm long. Stamens 3; filaments 2.6-4.5 mm long, 
anthers 2.0-2.5 mm long with an apical appendage 0.5-0.7 mm long. Nutlets 1.4-1.7 mm long, 1.0-1.1 mm 
diam., dark brown, obovoid, attenuate at base, 3-ribbed (trigonous), faces irregularly reticulate, apex shortly 
hairy. Anatomy = C,,. (Figure 2) 


Diagnostic characters: Similar to Chaetospora subbulbosa but differing in its sand-binding roots; leaf sheaths 
with scabrous to ciliolate apex; dark brown to black spikelets that are usually 1-flowered; perianth segments 
1.5-2 mm long, longer than nutlet; anthers 2.0-2.5 mm long; and faces of nutlets irregularly reticulate. 


Distribution: Widespread in the south-west of Western Australia, from Northampton and Geraldton to east 
of Esperance. 


Habitat: Occurs in sand, sometimes over laterite or limestone, often in Banksia and jarrah woodland, in 
heath, or sometimes in winter-wet depressions. Recorded in association with Anarthria scabra, Banksia 
attenuata, B. grandis, B. prionotes, Caustis dioica, Chaetospora subbulbosa, Cyathochaeta equitans, Eremaea 
pauciflora, Eucalyptus marginata, Grevillea preissti, Hakea sp., Hibbertia hypericoides, Isopogon sp., Lambertia 
sp., Lepidosperma calcicola, L. gladiatum, Mesomelaena graciliceps, M. pseudostygia, M. stygia, M. tetragona, 
Schoenus brachyphyllus, S. ct. breviculmis, S. cygneus, S. caespititius, S. grandiflorus, S. fuscescens, S. insolitus, 
S. nitens, S. subbarbatus, S. sublateralis, S. submicrostachyus, S. sp. A3 Ciliate Sheaths (K.R. Newbey 9402), 
Tetrariopsis octandra, Tricostularia aphylla, T. neesti and Xanthorrhoea preissii. 


Phenology: Flowers mainly July-September. 
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Fig. 2. Chaetospora curvifolia. A. Habit. B. Inflorescence at anthesis. C, F. Staminate inflorescences. D, E. Stylar inflorescence. 
_ Near Perth, Swan Coastal Plain, WA, not vouchered. Photos by R.L. Barrett. 


Selected specimens examined: WESTERN AUSTRALIA: 5.2 km NE on Mt Ragged track from Fisheries Road, 
E of Esperance, 12 Sept. 2007, R.L. Barrett & A. Faber RLB 4147 (NE, NSW, PERTH); South Coast Highway 
towards Wellstead, 29 Oct. 2008, R.L. Barrett & K.L. Wilson RLB 5370 (NE, NSW, PERTH); Boundary Road, 
Wattle Grove, 6 Sept. 1976, R. Coveny 8067 (NSW, P, PERTH); Hayman Road, Bentley, 4 Sept. 1986, R.S. 
Cowan A 183 (BRI, MEL, NSW, NY, PERTH, US); Redgum Pass, Stirling Range, 6 Sept. 1971, Hj. Eichler 
20989 (AD, NSW, PERTH); Bellevue, Apr. 1901, W.V. Fitzgerald s.n. (NSW 74030); E of Albany, 25.7 km 
E of Manypeaks along South Coast Highway, 8 Oct. 2003, J. Hodgon 806 & J.J. Bruhl (BOL, K, MO, NE, NSW, 
PERTH); Lowden, Preston River, July 1914, M. Koch 2575 (MEL, PERTH); Chittering Plot 1, c. 150 m from 
Chittering Road and 100 m from Smith Road, Bullsbrook, 7 Sept. 2006, M. Morley & M. Batista CHITT 01 
(AD, NSW, PERTH); near Pointwater [Point Walter], Perth, July 1839, L. Preiss [| Pl. Preissiana 1773] (LD, MEL, 
NY); 1 km W of Brand Highway along Green Head Road, 2 Oct. 1979, K.L. Wilson 2692 (NSW). 


Conservation status: The species is widespread and locally common with populations of many individuals, 
the species is considered to be of ‘Least Concern (IUCN 2016). Conserved in many National Parks, including 
Lesueur, Stirling Range and Cape Arid National Parks. 


Etymology: It is thought that Brown chose the Latin epithet curvi- (curved) and -folius (leaved), in reference 
to the distinctly curly involucral bracts below the head-like inflorescence, though the leaves are also somewhat 
curly, so either feature may have been recognised in this way. 


Typification: The material is mixed on both Brown sheets [Bennett No. 6005] in BM, so lectotypification 
is required to fix the application of the name. One complete tuft with inflorescence (labelled by KLW with 
the letter “B’) on BM 00990995 belongs to Chaetospora curvifolia; while the majority of the material, three 
pieces labelled ‘A by KLW, belongs to C. subbulbosa. The sheet labelled as ‘for the public collection’ is also 
a mixture of these two species: one culm and inflorescence of C. curvifolia and one complete tuft with one 
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inflorescence of C. subbulbosa. Browns description of his C. curvifolia could apply to either taxon. To conserve 
traditional usage of the name, the material labelled "B’ on the Bennett 6005 sheet is selected as lectotype. 


We also choose a lectotype for Chaetospora aurata Nees as there are ambiguities in Drummond numbers and 
duplicate sheets that make it difficult to determine whether there are indeed duplicates of the type collection 
(Barrett and Wilson 2012). 


Notes: This species and C. subbulbosa are commonly noticed due to the prominent inflorescence bracts 
spreading from the inflorescence, a feature otherwise rare in south-western Australian sedges. 


Chaetospora subbulbosa (Benth.) K.L.Wilson & R.L.Barrett, comb. nov. 
Basionym: Schoenus subbulbosus Benth., Fl. Austral. 7: 358 (1878). 


Type citation: “W. Australia. Kalgan River, E Mueller; Forest Hill, Muir; Swan River, Drummond, Ist coll.; 
Busselton, Pries- 


Lectotype, here designated: Western Australia: Swan River, [1839], J. Drummond 1st coll. (K 000883761!). 
Isolectotypes: (BM 001122254!, CGE 05648!, E 00688503*, E 00688504*). 


Residual syntypes: Western Australia: Kalgan River, 1867, F Mueller s.n. (syn: MEL 2204160!); Forest Hill, JR. 
Muir s.n. (syn: K 000883762!, MEL 2204161!); Busselton, A. & E. Pries s.n. (syn: K 000883763!, MEL 2204162!). 


=Elynanthus capitatus Nees, Ann. Nat. Hist. ser. 1, 4: 48 (1841), non Chaetospora capitata Kunth (1816); 
Schoenus capitatus (Nees) F.Muell., Fragm. 9: 58 (1875), nom. illeg. non Crantz (1766), non Pers. (1805), non 
(Kunth) Poir. (1817), non Dubois (1833). 

Type citation: ‘ad Flumen Cygnorum lectae, [Drummond]. 

Lectotype, here designated: Western Australia: Swan River, 1839, J. Drummond 1st Coll. (CGE 05648!). 
Isolectotypes: (B! (fragm. ex CGE), BM 001122254!, E 00688503*, E 00688504*, K 0008837611). 


=Schoenus subbulbosus Benth. var. junceus Benth., Fl. Austral. 7: 358 (1878). 

Type citation: ‘W. Australia. Drummond, Ist coll: 

Type: Western Australia: Swan River, 1839, J. Drummond \st Coll. (holo: K 000883765!; iso: K 000883764!). 
Chaetospora brevisetis auct non R.Br.: Mueller (1875: 37). 

Illustration: Wheeler and Graham (2002; 292, fig.). 


Perennial graminoid herb, 15-55 cm high, roots fine, to 9 cm long, not sand-binding. Culms erect, rigid, 
arising from a compact, bulb-like underground base or cluster of bases, nodeless, terete or compressed, 
1.0-2.5 mm diam., ribbed, glabrous, much longer than leaves. Leaves basal, much shorter than the culms, 
flexuose; sheath 2-4 cm long, reddish brown with broad hyaline margins, striate, dull, base becoming fibrous 
with age, distally scabrous; lamina 4-15 cm long, 0.3-0.7 mm wide, flat to canaliculate, to slightly involute 
and appearing terete towards the apex, tapering to a fine point, spiralled or curly distally, margins very finely 
ciliolate; ligule absent. Basal involucral bracts 3-4, leaf-like, margins very finely ciliolate, curly, 2-5.5 cm long, 
surrounding and exceeding inflorescence, the base broadly ovate, strongly ribbed, centre green to brown, 
glabrous, margins white to translucent, ciliate. Inflorescence an erect, terminal, subglobular head, 9-16 mm 
across, 6-13 mm long, pale to reddish brown, with numerous sessile spikelets. Spikelets narrow-ovate, acute, 
5-8 mm long, pale brown, usually 3-flowered. Glumes 6-8, lowest 5 or more empty, narrowly ovate, acute or 
acuminate, pale brown, dull, 4.3-6.0 mm long, sparsely puberulent, keeled, keel often scaberulous, ciliate on 
the margins. Perianth segments 6, 0.2-0.4 mm long, compressed to terete, white, glabrous or with scattered cilia. 
Style 3-branched, base 1.4—2.7 mm long, branches 2.1-2.9 mm long. Stamens 3; filaments 2.0-3.5 mm long, 
anthers 2.3-3.1 mm long with an apical appendage 0.6-0.8 mm long. Nutlets 1.4-1.6 mm long, 1.0-1.2 mm 
diam., brown, obovoid, somewhat attenuate at base, trigonous, 3-ribbed, faces irregularly tuberculate, apex 
shortly hairy with a persistent style base to 0.15 mm long. Anatomy = C.,. (Figure 3) 


Diagnostic characters: Differs from Chaetospora curvifolia in its non sand-binding roots; leaf sheaths with 
scabrous apex; pale brown spikelets that are 3-flowered; perianth segments 0.2-0.4 mm long, shorter than 
nutlet; anthers 2.3-3.1 mm long; and faces of nutlets irregularly tuberculate. 


Distribution: Widespread in the south-west of Western Australia, from Perth southwards within 100 km of 
the coast, to just east of Albany. 
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Fig. 3. Chaetospora subbulbosa. A-C. Habit. D. Inflorescence with long subtending bracts. E. Young inflorescence. F. Stylar 
inflorescence. Near Perth, Swan Coastal Plain, WA, not vouchered. Photos by R.L. Barrett. 


Habitat: Occurs in sandy, swampy heath or open woodlands, generally in winter-wet depressions or 
around the margins of granite outcrops. Recorded in association with Allocasuarina humilis, Andersonia 
simplex, Aphelia brizula, Baxteria australis, Centrolepis strigosa, Chaetospora curvifolia, Corymbia calophylla, 
Eucalyptus marginata, Evandra aristata, Lepidosperma drummondii, L. cf. pubisquameum, Phyllangium 
paradoxum, Restionaceae, Schoenus acuminatus, S. caespititius, S. discifer, S. lanatus, S. obtusifolius, 
S. racemosus, S. rodwayanus, S. sublateralis, S. sp. Grey Rhizome (K.L. Wilson 2922), Tricostularia compressa 
and Xanthorrhoea sp. 


Phenology: Flowers recorded for March, April, May, November, probably mainly in autumn. Fruit recorded 
for August-September. 


Selected specimens examined: WESTERN AUSTRALIA: c. 300 m down sand track from Albany Speedway, 
on S side of Albany Highway at northern outskirts of town, 28 Oct. 2008, R.L. Barrett & K.L. Wilson RLB 5347 
(NE, NSW, PERTH); Cannington, near Perth, 27 Aug. 1947, S.T. Blake 17987 (BRI, CANB, NSW); 76 km from 
Albany along road to Walpole, Rocky Gully turnoff, between Kent River and Bow Bridge, 20 Jan. 1979, M.D. 
Crisp 5310 (CBG, NSW); Cannington Swamp, near Perth, 27 Aug. 1959, Hj. Eichler 15746 (AD); Midland 
Junction, Sept. 1901, W.V. Fitzgerald s.n. (NSW 74041); W of Denmark, 200 m S of junction of Kent Road and 
South Coast Highway, 7 Oct. 2003, J. Hodgon 802, J.J. Bruhl e D.M. Hodgon (BOL, NE, NSW, PERTH); 4 miles 
[6.4 km] S of Mount Barker, 226 miles [362 km] S of Perth, C. Milton's property, 11 Dec 1973, K.E Kenneally 
1128 (PERTH); Capel, 24 Sept. 1948, R.D. Royce 2680 (PERTH); 12.5 km N of Albany on Chester Pass Road, 
18 Oct. 1979, K.L. Wilson 2959 (NSW, PERTH); 3 km E of Blackwood River on Brockman Highway, E of 
Alexandra Bridge, 21 Oct. 1979, K.L. Wilson 3047 (NSW); 5 km N of Windy Harbour on road to Northcliffe, 
D’Entrecasteaux National Park, 22 Nov. 1994, K.L. Wilson 9023 & K. Frank (NSW, PERTH). 


Conservation status: The species is widespread and locally common with populations of many individuals, 
the species is considered to be of “Least Concern’ (IUCN 2016). Conserved in many National Parks, including 
Stirling Range and Cape Arid National Parks. 


Etymology: The epithet is from the Latin sub (below) and bulbosus (bulb), presumably in reference to the 
swollen bases that are enlarged and bulb-like. 


Typification: Nees (1841) named Elynanthus capitatus from Drummond material collected at the Swan 
River Colony (South-west Western Australia). Several collections have been located; however, the timing 
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of publication dictates that only Drummonds first collection series would have been available to Nees. Two 
Drummond collections of this taxon were made in his first series, each with duplicates, so a lectotype is required 
and we have chosen the material examined by Nees at CGE as he probably did not see any other material. 


Bentham (1878) named Schoenus subbulbosus but it is somewhat ambiguous as to whether this should be 
considered a replacement name for Elynanthus capitatus (non Chaetospora capitata Kunth), or a new name 
with a new type. Bentham included E. capitatus in synonymy with a question mark, and stated that this was 
based only on the description, in other words he had not seen the original specimen. We consider this to be 
sufficient to assume that he was supplying a completely new name. This is also contrasted against Schoenus 
drummondii Benth., from the same publication, where he makes it clear that it is a replacement name for 
Chaetospora microstachya Nees ex Lehm. 


We have selected a sheet at K (K 000883761) as the lectotype, noting that this is part of the same collection as the 
type of Elynanthus capitatus, so it is also an isolectotype of that name. Bentham made it clear that he did not see 
the CGE specimen, so it would be inappropriate to designate a single sheet as the lectotype of both names. 


Notes: Bentham distinguished his var. junceus Benth. from typical S. subbulbosus on the basis of it having 
taller, often flattened culms, more rigid leaves with scarcely any scarious margin (but still with old sheaths 
disintegrating into fibres), and glumes minutely ciliate and sometimes pubescent, with the inner glumes being 
more obtuse than in the typical form. These differences are not consistent when a broader range of material is 
examined, so the variety is not considered worthy of recognition. 


Chaetospora turbinata R.Br., Prodr. 232 (1810); Schoenus turbinatus (R.Br.) Poir., Encycl. Meth. Suppl. 2: 251 
(1811). 


Type citation: ‘(J.) v.v- 


Lectotype, here designated: New South Wales: sandstone near Port Jackson, Sydney, 1804-5, R. Brown | Bennett 
No. 6006] (BM 000884723!). Isolectotypes: (BM 000884724!; DBN!, E 00373556"; E 00373557*; K 000883760); 
[1802-5, s.n.] MEL 2295075!, P 00585293!). 


Residual syntype: Botany Bay, 1770, J. Banks & D. Solander s.n. (syn: BM!, NSW 133721!). 
=Ptilanthelium chauvinii Steud., Syn. Pl. Glumac. 2(8-9): 167 (1855). 


Type citation: “Ex Hrbo Urville communc. Chauvin. Port Jacks[on]- 
Lectotype, designated by K.L.Wilson, Telopea 5(4): 613 (1994): New South Wales: Port Jackson, ex Herb. 
D. D'Urville 67-319, comm. Chauvin (lecto: P 00585291!; isolecto: P 00585292!; possible isolecto: G (2 sheets)!) 


Illustrations: Goetghebeur (1986; fig. 8.12.7 D-L); Wilson (1993; 306, fig.); Wilson (1994b; 248, fig. 53p); 
Fairley and Moore (2002; 341, pl. 1245); Robinson, (2003; 297, fig.); Klaphake (2004; 56, fig.). 


Perennial graminoid herb, 14-40 cm high, roots fine, to 7 cm long, not sand-binding. Culms erect, rigid, arising 
from a compact, bulb-like underground base or cluster of bases, nodeless, terete to compressed, 0.6-1.7 mm 
diam., often grooved or striate, glabrous, much longer than leaves. Leaves basal, much shorter than the culms, 
flexuose; sheath 4-7 cm long, straw-coloured with broad hyaline margins, striate, shining, base becoming 
fibrous with age, distally scabrous to ciliate, margins with scattered cilia; lamina 6-21 cm long, 0.3-0.7 mm 
wide, canaliculate to involute and appearing terete, tapering to a fine point, slightly curly, margins serrulate, 
especially in lower half, very finely ciliolate; ligule absent. Basal involucral bracts 2-6, leaf-like, margins very 
finely ciliolate, 2-10 cm long, surrounding and exceeding inflorescence, the base broadly ovate, pale brown, 
margins pale brown to translucent. Inflorescence an erect, terminal, elongate head, becoming turbinate, 
6-10 mm across, 6-17 mm long, brown, with 3-5 fascicles of 2-3 sessile or subsessile spikelets. Spikelets 
narrow-ovate to oblong-ovate, acute, 5.5-8.0 mm long, chestnut brown, 1-flowered. Glumes 5-9, lowest 3-5 
empty, lanceolate or narrowly ovate to ovate, long narrow-acute, pale red-brown, dull, puberulent, keeled, keel 
often scaberulous, ciliate to glabrous on the margins, fertile glumes 4.5-6.0 mm long. Perianth segments 6, 
1.2-2.0 mm long, compressed to bristle-like, plumose, white to red-brown. Style 3-branched, base 2.7-3.5 mm 
long, branches 1.3-1.5 mm long. Stamens 3; filaments 4.4-6.2 mm long, anthers 1.8-2.5 mm long with a dark 
red apical appendage 0.5-0.6 mm long. Nutlets 1.3-2.3 mm long, 1.0-1.4 mm diam., dull, grey to red-brown, 
obpyriform to turbinate or obovoid, attenuate at base, 3-ribbed (trigonous), faces irregularly faintly reticulate 
to rugulose, apex minutely scabrous and tuberculate. Anatomy = C,. (Figure 4) 
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Fig. 4. Chaetospora turbinata. A. Habitat, Gibraltar Range, NSW. B, C. Habit. D-F. Inflorescences. Vouchers: B, D: J.J. 
Bruhl 2703 (NE); C, E: K.L. Wilson 10781 (NSW); F: K.L. Wilson 6514 (NSW). Photos by: A, B, D: J.J. Bruhl; C, E: K.L. 
Wilson; F: R.L. Barrett. 


Diagnostic characters: Differs from Chaetospora subbulbosa by more slender culms, 0.6-1.7 mm wide; leaf 
sheaths 38-68 mm long; brown spikelets that are 1-flowered; perianth segments 1.2-2.0 mm long, longer than 
nutlet; anthers 1.8—2.5 mm long; and faces of nutlets irregularly faintly reticulate to rugulose. 


Distribution: Widespread in the south-east of Australia, from the Bundaberg district in south-east Queensland 
to the NSW- Victorian border; extending inland to Gibraltar Range and the Blue Mountains (NSW); localized 
around the Grampians, Anglesea, Cape Liptrap and Howe Range in Victoria; and widespread in Tasmania, 
including the Furneaux Islands. 


Habitat: Occurs in sandy heath or open low woodland over sandstone, gravel or granite, usually in coastal 
areas. Recorded in association with Acacia paradoxa, A. suaveolens, Allocasuarina littoralis, A. pusilla, A. rigida, 
Amperea xiphoclada, Aotus ericoides, Banksia ericifolia, B. marginata, Callitris monticola, Calytrix tetragona, 
Cassytha glabella, Caustis flexuosa, C. pentandra, C. recurvata, Corymbia gummifera, Dillwynia sericea, Epacris 
impressa, Eucalyptus nitida, E. obliqua, E. pilularis, E. williamsiana, Eurychorda complanata, Hakea decurrens, 
Isopogon ceratophyllus, Lepidosperma concavum, L. filiforme, Leptospermum glaucescens, L. myrsinoides, L. 
trinervium, Lomatia tinctoria, Persoonia sp., Petrophile sp., Platylobium obtusangulum, Restionaceae, Schoenus 
brevifolius, S. tenuissimus, Tetraria capillaris and Xanthorrhoea sp. 


Phenology: Flowers mainly August—January. Fruiting recorded for August-February. 


Selected specimens examined: QUEENSLAND: Cooloola near Kings Bore Road, c. 0.4 km E of Teewah 
Creek, near Noosa, 24 May 1972, A.G. Harrold 234 (BRI); Woodgate National Park, near Bundaberg, [?Sept. 
1978], C. Sandercoe C110 (BRI); Cooloola National Park near Rainbow Beach Road, 20 Feb. 1984, C. Sandercoe 
C334 (BRI). NEW SOUTH WALES: Gibraltar Range National Park, 5.5 km W of Park visitor centre along 
Gwydir Highway, 200 m S of highway, 3 July 2005, J.J. Bruhl 2355 (BOL, EIU, GENT, MO, NSW); Morton 
National Park, off track to Tianjara Falls carpark, N of Nerriga (Turpentine) Rd, 31 Dec. 2008, J.J. Bruhl 2703 
(BOL, BRI, CANB, EIU, GENT, K, MEL, MO, NE, NSW, PRE); 6.4 km (4 miles) SE of Nabiac at old landing 
site, 16 Feb. 1965, R. Coveny, P. Hind, R. Hancock RC 7556 (MEL, NSW, PERTH); near Old Aerodrome Road, 
10.8 km ESE from turn-off (of Glen Ora Road) on Pacific Highway SE of Nabiac, 21 May 2012, K.L. Wilson 
10781 (NSW). VICTORIA: Cape Liptrap — Walkerville South, 19 Mar. 1975, D.C. Cheal 193 (MEL); Anglesea 
Heath, Alcoa Boundary Road, 27 Dec. 2008, A.K. Gibbs 80 (BOL, BRI, CANB, GENT, K, MEL, MELU, MO, 
NE, NSW); Grampians National Park, Beside Jimmys Creek Road about 2.3 km from the Halls Gap-Dunkeld 
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Road, 10 Jan. 2011, J.-A. Jeanes 2519 (CANB, MEL). TASMANIA: 3 km SE of Nye Bay, 1 Feb. 1986, A. Moscal 
12045 (HO, NSW); Flinders Island, Mount Killiecrankie, c. 380 m at 6 degrees N of E of the summit, 23 Sept. 
1978, J.S. Whinray 2424 (MEL); c. 2 km NW of Coles Bay on Bicheno road, 21 Feb. 1986, K.L. Wilson 6514 
(HO, NSW). 


Conservation status: The species is widespread and locally common with populations of many individuals, 
the species is considered to be of “Least Concern (IUCN 2016). Conserved in many National Parks, including 
Kamay, Royal and Blue Mountains National Parks. 


Etymology: It is probable that Brown chose the Latin epithet turbinatus (turbinate) in reference to the shape 
of the inflorescence. 


Typification: There are three specimens of C. turbinata in BM that would have been available to Brown: two 
collected by him, and a collection made by Banks and Solander in 1770 around Botany Bay. Browns own 
collection (the sheet labelled Bennett 6006 (BM 000884723) bears his own field labels ‘Port Jackson 1804-5" 
and is selected as lectotype. Browns other collection is the material selected by him for the public collection 
(BM 000884724); it bears a typed and printed label and a handwritten label in the script of Dryander but no 
notes in Browns script. There is a piece from the Banks and Solander specimen mounted on a sheet with 
Browns manuscript notes. This is labelled as being part of the study-set that Brown took with him on the 
voyage to Australia. 


Notes: This species has sometimes been confused with Ptilothrix deusta because of the shape of the inflorescence 
which is subtended by long bracts. 
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Appendix 1. Taxa named in Chaetospora (including illegitimate names) and their current names. Bibliographic 
details can be found in the Australian Plant Names Index (https://biodiversity.org.au/nsl/services/APNI) and 
Kew Checklist of Selected Plant Families (http://www.ipni.org and http://apps.kew.org/wcsp/) for plants; 
AlgaeBase (http://www.algaebase.org) for algae; and MycoBank (http://www.mycobank.org) for fungi. 


Name published in Chaetospora R.Br. 
Chaetospora albescens Franch. & Sav. 
Chaetospora alpina (R.Br.) FMuell. 
Chaetospora anceps R.Br. 

Chaetospora antarctica Hook.t. 
Chaetospora aurata Nees 

Chaetospora aurea Kunth 


Chaetospora aurea Cham. & Schitdl., nom. illeg. 


Chaetospora avenacea (R.Br.) FMuell. 
Chaetospora axillaris R.Br. 

Chaetospora axillaris t. terrestris Boeckeler 
Chaetospora brevisetis R.Br. 

Chaetospora burmanni (Vahl) Schrad. 
Chaetospora calostachya R.Br. 
Chaetospora capillacea (Thunb.) Nees 


Chaetospora capillacea Hook.t., nom. illeg. 


Chaetospora capillaris F.Muell. 
Chaetospora capitata Kunth 
Chaetospora capitellum (Thunb.) A.Dietr. 
Chaetospora ciliata Schrad. ex Nees 
Chaetospora circinalis Schrad. 
Chaetospora clandestina (R.Br.) F.Muell. 
Chaetospora compressa (L.) Gray 
Chaetospora compressa Nees , nom. illeg. 
Chaetospora concava (R.Br.) Nees 
Chaetospora concinna Hook.t. 
Chaetospora cruenta Nees 
Chaetospora curvifolia R.Br. 
Chaetospora cuspidata (Rottb.) Nees 
Chaetospora cygnea Nees 

Chaetospora dactyloides (Vahl) A.Dietr. 
Chaetospora deformis R.Br. 
Chaetospora deusta (R.Br.) FMuell. 
Chaetospora diandra (R.Br.) F.Muell. 
Chaetospora diodon Schrad. ex Nees 
Chaetospora dispar (Spreng.) A.Dietr. 
Chaetospora distachya Nees 
Chaetospora distans F.Muell. 
Chaetospora effusa Schrad. ex Kunth 
Chaetospora elongata Nees 
Chaetospora ferruginea Kunth 


Chaetospora ferruginea (L.) Rchb., nom. illeg. 
Chaetospora ferruginea Cham. & Schltdl., nom. illeg. 


Chaetospora fimbriolata Nees 
Chaetospora fimbristyloides F.Muell. 
Chaetospora flexuosa (Thunb.) Schrad. 
Chaetospora globosa Kunth 
Chaetospora hexandra Boeckeler 
Chaetospora imberbis R.Br. 


Chaetospora x intermedia (Brugger) Beck, nom. illeg., in syn. 


Chaetospora japonica Franch. & Sav. 


Current name 

Schoenus apogon Roem. & Schult. 
Carpha alpina R.Br. 

Gymnoschoenus anceps (R.Br.) C.B.Clarke 
Schoenus antarcticus (Hook.f.) Dusén 
Chaetospora curvifolia R.Br. 
Rhynchospora corymbosa (L.) Britton 
Rhynchospora aristata Boeckeler 
Cyathochaeta avenacea (R.Br.) Benth. 
Schoenus maschalinus Roem. & Schult. 
Schoenus maschalinus Roem. & Schult. 
Schoenus brevisetis (R.Br.) Poir. 

Tetraria burmanni (Vahl) C.B.Clarke 
Schoenus calostachyus (R.Br.) Por. 

Tetraria capillacea (Thunb.) C.B.Clarke 
Tetraria capillaris (F.Muell.) J.M.Black 
Tetraria capillaris (F.Muell.) J.M.Black 
Rhynchospora capitata (Kunth) Roem. & Schult. 
Ficinia capitella (Thunb.) Nees 
Rhynchospora elatior Kunth 

Tetraria microstachys (Vahl) H.Pteltt. 
Cyathochaeta clandestina (R.Br.) Benth. 
Blysmus compressus (L.) Panz. ex Link 
Schoenus benthamii F.Muell. 
Lepidosperma concavum R.Br. 

Schoenus nitens var. concinnus (Hook.f.) Cheeseman 
Schoenus cruentus (Nees) Benth. 
Chaetospora curvifolia R.Br. 

Schoenus cuspidatus Rottb. 

Schoenus cygneus (Nees) Nees 

Carpha glomerata Nees 

Schoenus deformis (R.Br.) Poir. 

Ptilothrix deusta (R.Br.) K.L.Wilson 
Cyathochaeta diandra (R.Br.) Nees 
Rhynchospora diodon (Schrad. ex Nees) Griseb. 
Ficinia secunda (Vahl) Kunth 

Bulbostylis hispidula (Vahl) R.W.Haines 
Schoenus rigens S.T.Blake 

Pleurostachys sparsiflora Kunth 
Gymnoschoenus anceps (R.Br.) C.B.Clarke 
Rhynchospora brownii Roem. & Schult. 
Schoenus ferrugineus L. 

Rhynchospora eximia (Nees) Boeckeler 
Tetraria fimbriolata (Nees) C.B.Clarke 
Anthelepis undulata (Thwaites) R.L.Barrett, K.L.Wilson & J.J.Bruhl 
Tetraria flexuosa (Thunb.) C.B.Clarke 
Rhynchospora globosa (Kunth) Roem. & Schult. 
Tetraria macowaniana B.L.Burtt 

Schoenus apogon Roem. & Schult. 
Schoenus x scheuchzeri Brugger 
Schoenus apogon Roem. & Schult. 
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Name published in Chaetospora R.Br. 
Chaetospora laeta Kunze ex Steud. 


Chaetospora /lanata (Labill.) R.Br. 
Chaetospora laxa Hook.t. 
Chaetospora lepidosperma F.Muell. 
Chaetospora lucens Por. 

Chaetospora madagascariensis Steud. 
Chaetospora mauritii Steud. 
Chaetospora microstachya Nees ex Lehm. 
Chaetospora nana Nees ex Lehm. 
Chaetospora natans F.Muell. 
Chaetospora neesii (Lehm.) Boeckeler 
Chaetospora nigricans (L.) Kunth 
Chaetospora nitens R.Br. 

Chaetospora oligostachya Boeckeler 


Chaetospora oligostachya F.Muell., nom. illeg. 


Chaetospora paludosa R.Br. 
Chaetospora pedicellata R.Br. 
Chaetospora paniculata Steud. 
Chaetospora pauciflora Hook.f. 
Chaetospora pterocarpa Kunth 
Chaetospora pterosperma Kunth 
Chaetospora pterosperma Neew, nom. illeg. 
Chaetospora punctoria (Vahl) A.Dietr. 
Chaetospora rhynchospermoides F.Phil. 
Chaetospora rhynchosporoides Steud. 
Chaetospora robusta Kunth 
Chaetospora rufa (Huds.) Gray 
Chaetospora sohaerocephala R.Br. 
Chaetospora spicata Boeckeler 
Chaetospora striata (Thunb.) A.Dietr. 
Chaetospora stygia R.Br. 


Chaetospora subbulbosa (Benth.) K.L.Wilson & R.L.Barrett 


Chaetospora tenax Hook.f. 

Chaetospora tendo Hook.f. 

Chaetospora tenella Rupr. 

Chaetospora tenera (Spreng.) A.Dietr. 
Chaetospora tenuissima Steud. 
Chaetospora tenulssima Hook.t., nom. illeg. 
Chaetospora tetragona R.Br. 

Chaetospora triceos Cham. & Schitdl. 
Chaetospora turbinata R.Br. 

Chaetospora umbellulifera Boeckeler 


Chaetospora vicozensis Schrad. ex Roem. & Schult. 


Chaetospora villosa (R.Br.) Nees 


Name published in Chaetospora C.Agardh, nom. illeg. 


[Algae] 
Chaetospora wiggii (Turner) C.Agarah 


Name published in Chaetospora Faurel & Schotter, nom. 


illeg. [Fungi] 
Chaetospora quezelli Faurel & Schotter 


Barrett, Wilson and Bruhl 


Current name 


Rhodoscirpus asper (J.Presl & C.Presl) Lév.-Bourret, 
Donadio & J.R.Starr 


Schoenus lanatus Labill. 

Schoenus rhynchosporoides (Steud.) Kuk. 
Schoenus lepidosperma (F.Muell.) K.L.Wilson 
Schoenus nitens (R.Br.) Potr. 

Rhynchospora rubra subsp. africana J.Raynal 
Rhynchospora brownii Roem. & Schult. 
Schoenus submicrostachyus Kuk. 

Schoenus nanus (Nees ex Lehm.) Benth. 
Schoenus natans (F.Muell.) Benth. 
Tricostularia neesii Lehm. 

Schoenus nigricans L. 

Schoenus nitens (R.Br.) Potr. 

Schoenus nigricans L. 

Schoenus bifidus (Nees) Boeckeler 
Anthelepis paludosa (R.Br.) R.L.Barrett, K.L.Wilson & J.J.Bruhl 
Schoenus pedicellatus (R.Br.) Poir. 
?=Asterochaete nitens Kunth 

Schoenus pauciflorus (Hook.tT.) HOok.t. 
Rhynchospora barbata (Vahl) Kunth 
Rhynchospora barbata (Vahl) Kunth 
Rhynchospora barbata (Vahl) Kunth 
Neesenbeckia punctoria (Vahl) Levyns 
Schoenus rhynchosporoides (Steud.) Kuk. 
Schoenus rhynchosporoides (Steud.) Kuk. 
Tetraria robusta (Kunth) C.B.Clarke 

Blysmus rufus (Huds.) Link 

Gymnoschoenus sphaerocephalus (R.Br.) Hook.t. 
Tricostularia compressa Nees ex Lehm. 
Ficinia indica (Lam.) H.Pfeift. 

Mesomelaena stygia (R.Br.) Nees 
Chaetospora subbulbosa (Benth.) K.L.Wilson & R.L.Barrett 
Schoenus brevifolius R.Br. 

Schoenus tendo (Hook.t.) Hook.f. 

Carex parva Nees 

Schoenus tener Spreng. 

Schoenus apogon Roem. & Schult. 
Schoenus lepidosperma (F.Muell.) K.L.Wilson 
Mesomelaena tetragona (R.Br.) Benth. 
Rhynchospora exaltata Kunth 

Chaetospora turbinata R.Br. 

Schoenus apogon Roem. & Schult. 
Rhynchospora brownii Roem. & Schult. 
Schoenus villosus R.Br. 

Current name 


Naccaria wiggii (Turner) Endl. ex J.Agardh 
Current name 


Neochaetospora quezelli (Faurel & Schotter) B.Sutton & Sankaran 
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Abstract 


A new species, Indigofera centralis Peter G. Wilson & Rowe (Fabaceae), is described and illustrated from 
Central Australia, west of the Finke Gorge National Park in the Northern Territory. It resembles some other 
inland species but differs most conspicuously by the relatively larger flowers. Relationships with other species 
are discussed and a key to pinnate species in the McDonnell Range Bioregion is provided 


Introduction 


Eleven species of Indigofera were recognised by Maconochie (1981) in the Flora of Central Australia. Further 
species relevant to the area have been added (Wilson 1987, Wilson and Rowe 2010, 2015) and some species 
concepts amended. The species described here was first recognised as new based on a specimen collected in 
1988 from near Areyonga. However, a 19" century collection has since been identified among specimens in 
the Melbourne herbarium. 


Taxonomy 


Indigofera centralis Peter G.Wilson & Rowe, sp. nov. 


Diagnosis. Similar in aspect to Indigofera helmsii in having the upper surface of leaflets and the fruit + glabrous 
but differs by the longer flower, staminal tube and fruit, the only slightly ridged branchlets and the lack of 
persistent, recurved stipules. 


Type. Northern Territory: Central South: James Range, 13 km S of Areyonga, PK. Latz 11592, 21 Sep 1989 
(holo DNA, barcode A0086347). Isotypes: BRI, MEL 0279395A, n.v. 


| Indigofera A83977 Areyonga, Albrecht et al. (1997), White et al. (2000) | 
| Indigofera sp. Areyonga (D.J.Parsons 30) NT Herbarium: http://eflora.nt.gov.au/factsheet?id=2304 | 
Photograph. Northern Territory eFlora fact sheet (http://eflora.nt.gov.au/factsheet?id=2304) 
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Erect, spindly shrub, 1.5-3 m high, 1.2-1.5 m diameter, with woody rootstock; young stems terete to slightly 
ridged, green to dark brown, strigose with moderately dense to dense, generally fine or very small, appressed, 
equally biramous hairs. Leaves pinnate, (5-)9-13 leaflets; stipules triangular, not thickened or spinescent, 
(1.5-)2.5-5(-7) mm long, glabrescent (some hairs present when young) but often with dense clusters of club- 
shaped hairs in their axils, not persistent; petiole 6-11.5 mm long; rachis slightly furrowed, multicellular hairs 
between leaflet pairs dense, conspicuous, orange to red or dark brown, club-shaped. Leaflets opposite; stipellae 
absent (very rarely with a stipel-like projection 0.1-0.2 mm long); lamina elliptical to obovate, 8-22 mm long, 
4-8 mm wide; upper surface green, glabrous; lower surface green (generally paler than above) with sparse, 
appressed hairs; apex obtuse and mucronate; veins not prominent. Inflorescences (45—)70-115 mm long, longer 
than leaves; peduncle 17-28 mm long; bracts triangular, 1.5-2.5 mm long; flowers pink to purple; pedicel 
1.5-2 mm long. Calyx 2.5-4 mm long, with subequal lobes less than the length of the tube, clothed with sparse 
to moderately dense, white to brown, appressed hairs. Standard purple, ovate to orbicular, 9.5-12.5 mm high, 
10-11 mm wide. Wings oblong to spathulate, 10-12 mm long, (2.5-)3.5-4 mm wide. Keel 11.5-13 mm long, 
3.7-4.5 mm deep; apex acute to rounded; lateral pockets 1.5-2 mm long; hairs sparse, hyaline (rarely a few pale 
brown), at the tip and margin ciliate. Staminal tube 7-8 mm long, colourless. Ovary glabrous. Pod spreading, 
terete to depressed cylindrical, (21-)28-48 mm long, 3-4.5 mm deep, brown, glabrous; apex with a distinct 
beak to 2.5 mm long; endocarp spotted. Seed cuboid, 8-11 per fruit. Fig. 1. 


Additional specimens examined. NORTHERN TERRITORY: Central South: 26 km W of Palm Valley 
Campground, Latz 19662, 4 Apr 2004 (NSW 708041, NT A0105940); 22 km ENE of Areyonga, Matthews 
927, 24 July 1992 (NSW 262486); 30 km NE of Areyonga, Parsons 30, 21 June 1988 (DNA A0083977); c. 1 km 
SW of Gilbert Springs windmill, Schubert 13, 30 Mar 2003, (DNA, NT n.v.); loc. cit., Schubert 52, 24 Dec 2004 
(DNA, NT n.v.); Areyonga Valley, 6 km WNW of Finke Gorge N.P. western boundary, Schubert 230, 11 Dec 
2007 (DNA, NT n.v.); 13 km SW of Palm Valley Campground, Finke Gorge N.P., Schubert 392, 31 Aug 2010 
(DNA, NT n.v.); near the Finke, Gosses Range, Schwartz 7 & Schultze (MEL 586462). 


Notes. Herbarium specimens of this species have a somewhat similar aspect to several other species from drier 
parts of Australia but differ particularly in having much larger flowers. Of these similar species, I. gilesii is the 
only one that approaches I. centralis in flower size. Its standard and keel are 6.5-8.5 (vs 9.5-12.5) mm long and its 
staminal tube is 5.5-7 (vs 7-8) mm long. There is also a certain superficial similarity to forms of I. australis that 
have large leaflets, but the two taxa are easily distinguished on flower size and are geographically well separated. 


Distribution and habitat. This species was first recognised as new based on a specimen collected near 
Areyonga in 1988. However, a 19" century collection from ‘near the Finke, Gosses Range’ has since been 
located in the Melbourne herbarium. This was collected by W. E. Schwarz and L. Schultze, who were German 
missionaries at Hermannsburg between 1877 and 1889. The known range encompasses an area of roughly 
420 square kilometres, west of Hermannsburg. Habitat notes on one collection, Latz 19662 from west of 
Palm Valley, indicate that the species was found as scattered individuals in a sandstone gorge, growing with 
Callistemon pauciflorus R.D.Spencer & Lumley and Callitris glaucophylla Joy Thomps. & L.A.S.Johnson. Other 
collections record it from dry, rocky, stream beds and gullies. The species is said to resprout after fire according 
to collectors notes (Latz 19662). 


Phenology. The Northern Territory eFlora fact sheet for this taxon (http://eflora.nt.gov.au/factsheet?id=2304) 
indicates that flowering does not occur in particular seasons and it is presumably dependent on rainfall events. 


Conservation status. A conservation code of 1V was suggested by Albrecht et al. (1997), following the coding 
system of Briggs and Leigh (1996). White et al. (2000) upgraded this to 2K because further populations had 
been located and recommended that there be further investigation of potential threats. The species is now 
known from around six populations, but the species is still poorly known. It does not occur in any reserve, 
although the eFlora fact sheet reports that it is in cultivation in the Alice Springs Desert Park. The most recent 
review of its conservation status (Cowie et al. 2017) assessed it as data deficient (DD). 
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Fig. 1. Indigofera centralis: a. flowering stem; b. fruit; c. detail of abaxial leaf surface showing biramous hairs; d. adaxial 


leaf surface; e. recurved stipules showing club shaped hairs in axil. Scale bar: a = 40mm; b = 20mm; c, e = 5mm; d 
= 12.5mm. Material: a. Latz 11592 (DNA, barcode A0086347)); b, c, e. Latz 19662 (NSW 708041); d. Matthews 927 


(NSW 262486). 
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Identification key to species in the McDonnell Range Bioregion with 
pinnate leaves and opposite leaflets 


1. Gland-tipped hairs always present, at least on the ovary or fruit; pod 1.5-2 mm diametev......... I. colutea 
1: Gland-tipped hairs absent; pod 2 mm or More in diameter ............cccescesssesseeseceeesseesscesecsseesseesseeeessesseesneees 2 
2, Leaveszisually with 5 leaflets (rarige 5-9) Tho wets Ped soi. vcccasceusguesateescsecdsecessevey eovedevevenedeesssossinssdgate I. georgei 
2: Leaves usually with 7 or more leaflets; flowers other colours, rarely red... eeeeeseeeeeeceseeseeeceeeeseeeeeeeees 3 
3. Upper surface of leaflets green, glabrous or sparsely appressed-hairy; pods + glabrous............ccseseeeeeees 4 
3: Upper surface of leaflets grey-green, moderately to densely hairy; pods variously hairy... eeeeeeeees 5 
4. Young stems terete to slightly ridged; stipules not persistent; standard 9.5-12.5 mm long; 

POC ZR SAS IT MONG, 22255: cas555 puph.pays sc ceoe devas dads dashedyoeay3 vardnacdndedeaelepphesebedeRnanlvnsdeaianehahjevhpeviyedenadeia tetas ietotis I. centralis 
4: Young stems distinctly four-angled; stipules persistent; standard 5-6.5 mm long; 

PO US -SOV Mii LOWS oieshisehiszlsazdaazd ocd lens ase dees lancenecaterassoeteeszat ieee soes eon snananahdeneseneahedoded niadbgachguaddlsds detagceter: I. helmsii 
Be “SEAM NALD ESF BUTT, LOMO, cna Seae Paneanrdapndannrtversuvr ras bedobodebeuslsuedshace Secesusushnopbangbasnespbates daaataathuphuoblennhscemeemecsen 6 
DE OLATI IA TNS, AO TINE LOM eevee tev etveded Dacd Seater bese Siseesstabebal dogs dapslaasct siti st beat bestbrertrarveseteesttyed Daed deed furbrer Sine cteaateds 8 
6. Flowers dull red; stipules somewhat thickened at base... eee eessceseesseeseeeceeseeeseseseeseeeseeseeees I. erubescens 
6; Flowers pink to: purples stipules not thickened: OF Persistent .....,seiseeirereeetereternacsnacanvecensnecsesenseesetsadgtedrsadeiecdeees 7 
7. Erect shrub; bracts 3-5.5 mm long, flowers deep purplish pink 0.0... ee ccesseeeeeeeeeeeeeteeeeeeees I. basedowii 
7: Perennial subshrub; bracts to 2.5 mm long, flowers pink to MaUVe ......... eee eeesetseteeeeeeeees I. psammophila 
S:. ABLPUles WIT Persistent MiCKENESd: DASES:.t42,tssussynsasnseteacteacaxts exis eeUseaccuscced Ma tap takobbo DN eee clehesthentemsashenssseeclaned 9 
8: Stipules not thickened, not long-persistent; leaves very densely hairy... ceeeceeeeseeseeeeeeeees I. leucotricha 
9. Inflorescences usually 80-150 mm long, much exceeding the leaves... eee eeessesceeceeceeeeeseeeeeeeeees I. gilesii 
9: Inflorescences usually 15-50 mm long, not, or a little, longer than leaves 


sense aeeraedbuatdenddcodédasédasdenctroctiroeie dust dsvedsaeshte ug t ved dves taphedaphedcle aadenuerativetivintidadidaddeusts I. cornuligera subsp. cornuligera 


Comment 


Indigofera gilesii is similar to I. cornuligera in its thickened stipules and its flower colour but has a more open 
habit and longer inflorescences. The distribution of I. gilesii extends well into Western Australia (see Fig. 4 in 
Wilson & Rowe 2015) and likely intergrades with I. cornuligera and, possibly, I. erubescens in the western part 
of the bioregion. 


Indigofera erubescens and I. cornuligera differ in flower colour, distribution and habit, with the latter species 
tending to be a more compact shrub with short internodes and pink to purplish flowers, generally restricted 
to areas south of the McDonnell Range Bioregion, extending into South Australia, while the former is a more 
open shrub with longer internodes and reddish flowers, generally restricted to areas north of the McDonnell 
Range Bioregion, extending into Queensland. However, some plants, especially those found in the McDonnell 
Range itself, appear to be somewhat intermediate. For example, the numerous specimens collected from 
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Abstract 


Dodonaea crucifolia I.Telford & J.J.Bruhl (Sapindaceae, Dodonaeoideae), endemic to north-eastern New 
South Wales, Australia, and previously confused with D. hirsuta (Maiden & Betche) Maiden & Betche, is 
described as new. Dodonaea hirsuta is recircumscribed with the D. crucifolia components removed and with 
male flowers described for the first time. The distribution, habitat, and conservation status of both species 
are discussed and a table is provided comparing selected morphological attributes. Images of the new species 
and D. hirsuta are provided. The identification keys in Flora of Australia and NSW FloraOnline are modified 
to include the new species. 


Introduction 


During on-going investigations of taxa occurring on the New England Tableland of north-eastern New 
South Wales, Australia, and exhibiting disjunct patterns of distribution, differences became apparent between 
montane and coastal plants of Dodonaea hirsuta (Maiden & Betche) Maiden & Betche (Maiden and Betche 
1902, 1913; Wilson and Scott 2002). Plants on the montane granite country at Torrington, New South Wales, 
and the Granite Belt, Queensland, and those from the coastal sandstones of the Grafton area, New South Wales 
exhibited differing attributes. 


Under Dodonaea hirsuta in her revision of the genus in Australia (West 1984) and subsequent treatment for 
Flora of Australia (West 1985) West noted that coastal plants from Copmanhurst differed from tableland plants 
in longer, almost sessile leaves with attenuate bases. The circumscription of D. hirsuta presented by West (1984, 
1985) broadened that of Maiden and Betche (1902, 1913) to include these plants from the Grafton area. In the 
study reported here, morphological comparisons indicated that the disjunct populations exhibit consistent, 
and distinct, morphological differences (Table 1), and as a result the North Coast populations are assigned 
to a new species, below. With the segregation of the new species, the circumscription of D. hirsuta needs 
emendation and this provides the opportunity to describe male flowers of this species for the first time. 
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Table 1. Comparison of selected morphological attributes of Dodonaea crucifolia and D. hirsuta. 


Character D. crucifolia D. hirsuta 

Glands present on branchlets, leaves, pedicels, present on pedicels 
sepals, ovaries 

Leat length (mm) 4—10 2.8—-5 

Lamina dissection rarely 3-toothed, mostly 3- or 6-lobed, 3-toothed 
lobes 3-toothed 

Leaf margin +plane recurved 

Petiole length (mm) 0-0.3 0.5-0.8 

Female pedicel length (mm) 9-13.5 4-9 

Female sepal length (mm) 2.4—3.5 1.6-2.5 

Seed length (mm) 2.2—-3 3.5-3.8 

Taxonomy 


Dodonaea crucifolia I. Telford & J.J.Bruhl, sp. nov. 


Similar to Dodonaea hirsuta but differs by being glandular-viscid on most of its parts, including leaves and 
stems; by the mostly 3-, 5- or 6-lobed leaves, rarely 3-toothed (vs always 3-toothed) whose margins are plane 
(vs revolute); and by the female flowers with longer pedicels (9-13.5 mm vs 4-9 mm). 


Type: New South Wales: North Coast: Sandstone Drive, 14.5 km NNW of Glenreagh, 13 Oct. 2008, IR. Telford 
13242, J.J.Bruhl, P Rose & M.Stimpson; holo: NSW; iso: BRI, CANB, CNS, K, MEL, MO, NE (NE 92724). 


Dioecious shrub to 2 m tall, mostly sparsely branched. Stems hispid with white patent hairs, glabrescent, red- 
brown with yellow-brown glands. Leaves sessile or petiole to 0.3 mm long; lamina obovate to narrowly obovate 
in outline, 4-10 mm long, 2-5 mm wide, 3-toothed or pinnatifid with 3-6 lobes, the lobes mostly 3-toothed, 
the base attenuate, hispid, particularly on margins and towards base of lamina, sparsely pustular with yellow- 
brown glands. Male flowers: pedicels 1.4-4.5 mm long, hispid, glandular; sepals 4, ovate, 2-2.2 mm long, 
c. 1 mm wide, acuminate, glandular, minutely hispid abaxially, red-brown; stamens 8, filaments c. 0.3 mm 
long, anthers narrowly ellipsoidal, 2.3-2.5 mm long, connectives with subglobose, minutely hispid apicula. 
Female flowers: pedicels 9-13.5 mm long, hispid, glandular; sepals 4, lanceolate, 2.4—3.5 mm long, 1-1.3 mm 
wide, acute to acuminate, minutely hispid, glandular, recurved; ovary subglobose, 2—2.5 mm long, 1.8-2.3 mm 
wide, 4-lobed, rarely 3-lobed, apically depressed, pubescent, glandular; style 8-9 mm long, caducous. Capsule 
4-lobed, rarely 3-lobed, 10-16 mm long, 12-19 mm wide, shortly pubescent, green and pink to cherry red; 
wings 3-4.5 mm wide; sepals persistent, reflexed. Seeds compressed, elliptical, 2.2-3 mm long, 1.8-2 mm 
wide, yellow-brown-red-brown. (Fig. 2). 


Additional specimens examined (selection): NEW SOUTH WALES: North Coast: Above Shannon Creek, 
c.5 km NW of Coutts Crossing, c. 30 km S of Grafton, 10 Apr. 2000, Edwards s.n. & Edwards (NSW); Saltwater 
Fire Trail, 0.8 km E of Sportsmans Creek Fire Trail, just S of Banyabba Nature Reserve, 15 Sep. 1996, Richards 
648 e& Wrigley (CFSHB, NSW); 8 km S of Coaldale, Clarke 1891, Pickard & Coveny (BRI, MEL n.v., NSW); 
Mt Mullengen, 6 km E of Ramornie, Jul. 1922, Blakely & Shiress s.n. (NE, NSW); Flaggy Creek Nature Reserve, 
c. 7 km N of Glenreagh, 31 Jul. 2004, Telford 12766 & Bruhl (CANB, BRI, NE, NSW). 


Distribution: Dodonaea crucifolia occurs within the South Eastern Queensland Bioregion, which 
counterintuitively extends into north-eastern New South Wales (Department of the Environment 2013), 
where it is restricted to the Coaldale, Copmanhurst and Glenreagh areas from 35 km NNW of Grafton to 7 km 
N of Glenreagh, New South Wales (Fig. 3). 


Habitat and ecology: the species grows in sandy soils on sandstones of the Grafton Formation and Kangaroo 
Creek Sandstone (Brunker and Chesnut 1976) in hilly, dissected plateau country at 80-180 m altitude. It has 
been recorded from Eucalypt layered to shrubby open forest and woodland with Eucalyptus planchoniana, 
E. baileyana, E. pyrocarpa, E. psammitica, Corymbia gummifera, C. trachyphloia and Angophora robur dominant, 
with a layered or heath understorey. Other associated species include Doryanthes excelsa, Caustis blakei, 
Melichrus sp. Newfoundland State Forest (P.Gilmour 7852), Hibbertia acuminata, Lambertia formosa, Banksia 
collina, Hakea laevipes subsp. laevipes, Boronia hapalophylla, Bursaria cayzerae and Bossiaea rhombifolia. 


Dodonaea crucifolia (Sapindaceae, Dodonaeoideae) Telopea 23: 119-125, 2020 127 


Fig. 1. Dodonaea crucifolia, A. leafy branchlet; B. male flower; C. female flower; D. fruit; E. seeds; F. leaf variation. A, 
C, F from Telford 13169; B from I.R. Telford 13168; D, E from I.R. Telford 13242 et al. Scale bars: A, D = 10 mm; B, C, F 
E = 2 mm. Illustration by I.R. Telford. 
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Fig. 2. Dodonaea crucifolia. Fruiting stem, from I.R.Telford 13242 et al. (type gathering). Scale bar=10 mm. 
Image by J.J. Bruhl. 


The Kangaroo Creek and Grafton Sandstones define an important area of endemism, the restricted species 
(several gazetted as endangered, several undescribed) often occurring sympatrically on rocky sites. Taxa include 
Hibbertia acuminata, Grevillea banyabba, Prostanthera sejuncta, Angophora robur, Eucalyptus psammitica, 
E. pachycalyx subsp. banyabba, Homoranthus floydii, Melichrus sp. Newfoundland State Forest (P.Gilmour 
7852), Boronia chartacea, B. hapalophylla, Philotheca papillata, Bursaria cayzerae, Bertya sp. Chambigne 
Nature Reseve (M.Fatemi 24), Lasiopetalum sp. Glenreagh (J.B.Williams NE36942). Also occurring here are 
the northern disjunct populations of Doryanthes excelsa. 


Phenology: flowers recorded July; fruit recorded October. 


Conservation status: Dodonaea crucifolia is known from eight populations. Given that the species could be 
easily overlooked and most populations are of unknown size, its status must be regarded under IUCN criteria 
(IUCN 2019) as “Not Evaluated”. Considering the extent of suitable habitat, the species is probably not at 
risk. At the type locality, the population was spread over several hectares of ridge top and slopes and consists 
of more than 100 individuals. The Flaggy Creek population contained c. 50 plants at the time of collection, 
all young and even-aged, apparently recruitment after a fire five years earlier. Fires occurring too frequently 
would pose a severe threat to the survival of any population. The species is conserved in Fortis Creek National 
Park and Banyabba, Tallawudjah and Flaggy Creek Nature Reserves. 


Etymology: the specific epithet is from the Latin crux (cross) and folium (leaf), in reference to the cross- 
shaped, lobed leaves. 


Notes: populations show an imbalance in sex ratio with c. three-quarters of plants in populations studied being 
female. Female plants appear to be more robust than males. Specimens have been segregated in NE under the phrase 
name Dodonaea sp. Copmanhurst for some time and duplicates have been distributed under that phrase name. 


Dodonaea hirsuta (Maiden & Betche) Maiden & Betche, Proc. Linn. Soc. New South Wales 38: 245 (1913) 


Dodonaea peduncularis var. hirsuta Maiden & Betche, Proc. Linn. Soc. New South Wales 27: 57 (1902). Type: 
Jennings, New South Wales, Oct. 1901, J.L.Boorman; holo: NSW; iso W n.v, 


Dioecious shrub to 120 cm tall, densely branched. Stems red-brown, hispid with white patent hairs. Leaves: petiole 
0.5-0.8 mm long; lamina +triangular, 2.8-5 mm long, 2.4—4.5 mm wide, apically 3-toothed, the central tooth often 
reflexed, margin strongly recurved, the lamina evenly hispid on both surfaces with tubercle-based hairs. Male flowers: 
pedicels 2.3-5 mm long, hispid, sparsely glandular; sepals 4, ovate, 2.3-2.5 mm long, 1.2-1.6 mm wide, obtuse, 
hispid abaxially, yellowish green with red-brown margins; stamens 8; filaments 0.4—0.8 mm long, anthers narrowly 
ellipsoidal, 2-2.8 mm long, connectives with rounded minutely hispid apicula. Female flowers: pedicels 4-9 mm 
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long; sepals 3, rarely 4, ovate, 1.6—2.5 mm long, 1.2-1.5 mm wide, obtuse, yellowish green; ovary subglobose, 2.2- 
3 mm long, 2-3.5 mm wide, apically depressed, 3-lobed, rarely 4-lobed, pubescent; style 8-13.5 mm long, glabrous, 
red. Capsule 3-or 4-lobed, 8-16 mm long, 10-18 mm wide, shortly hirsute, green and pink to red; wings 2.5-4 mm 
wide; sepals persistent, reflexed. Seeds compressed, elliptical, 3.5-3.8 mm long. (Fig. 4) 


Additional specimens examined (selection): QUEENSLAND: Darling Downs District: Amiens, 10 miles [16 km] 
NW of Stanthorpe, 30 Oct.1963, Pedley 1491 (BRI, MEL n.v.); Bald Rock Creek, Girraween National Park, Junction 
Track, 21 Jan. 2009, Telford 13283 & Bruhl (BRI, CANB, NE). NEW SOUTH WALES: Northern Tablelands: 12 km N 
of Torrington, 17 Dec. 1961, Williams NE78239 (BRI, CANB, NE, NSW); Bismuth Falls, c. 7 km NW of Torrington, 
18 Aug. 2007, Telford 13177 & Bruhl (CANB, NE); 2.7 km along Flagstone Creek Trail from Gulf Road, c. 18 km just 
W of N of Emmaville, 12 Oct. 1990, Coveny 14633, Makinson & Quirico (CANB, MEL n.v., NSW). 


Distribution: Dodonaea hirsuta is restricted to far northern parts of the New England Bioregion (Department 
of the Environment 2013) between Amiens, The Summit and Wallangarra, Queensland and disjunctly in the 
Torrington area, New South Wales (Fig. 3). 


Habitat and ecology: the species inhabits sandy soil associated with granite outcrops at 900-1150 m 
altitude. Vegetation recorded is Eucalyptus shrubby woodland or open forest with E. andrewsii, E. youmanii, 
E. brunnea and E. prava dominant. Other associated species include Callitris endlicheri, Grevillea viridiflava, 
Hakea macrorrhyncha, Leptospermum trinervium, Bossiaea rhombifolia; and in Girraween National Park only, 
Phebalium whitei and Cassinia wyberbensis. 


Phenology: flowers recorded April-May and August-September; fruit recorded November—December. 


Conservation status: Dodonaea hirsuta is known from several populations in the Wallangarra and Torrington areas, 
but most population sizes are unknown. At the Bismuth Falls site, c. 15 plants were observed in 2007. Following 
IUCN criteria (IUCN 2014) the status of the species must be considered as “Not Evaluated”. The species is conserved 
in Girraween National Park in Queensland and Torrington State Conservation Area in New South Wales. 
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Fig. 4. Dodonaea hirsuta. A. male flower, from I.R. Telford 13177 & J.J.Bruhl; B. female flower, from I.R. Telford 13177 
e& J.J. Bruhl. C. fruit, photographed 9 Oct. 2010 at Bald Rock Creek, Girraween National Park, Qld. Scale bars: A=2 mm; 
B=5 mm; C=10 mm. Images by J.J. Bruhl. 
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Modification to identification keys 


The key to Dodonaea in “Flora of Australia” (West 1985: 116) may be modified to accommodate the new 
species as follows: 


19 Leaves hirsute; capsule hirsute; inflorescence axillary 


Oa Leaves B-ToG the, MALO TECUIVE Gs sssecsacssacnecenecososoercenvenenserevennceceanviaemneynnprenepekenerensnapaaaaatany 30. D. hirsuta 

19b Leaves 3-toothed or 3- or 5-lobed with lobes apically 3-toothed, 
MALOU MOTTE CULVER. 2,2435:q2ronznsazeecsuzasrsuzeanenansenparaparspaenpne nes eogeaagTonanaEateacueedoaqdataannymo eran D. crucifolia 
19: Leaves glabrous; capsule glabrous; inflorescence terminal... eseeeeseeeeteeseeeeeeeees 16. D. peduncularis 


The key in NSW FloraOnline (PlantNet 2020) may be modified as follows: 


12 Leaves linear to oblong, decurrent at base; sepals not persistent... ceeeeseeseeeeeeeeteeteeeeeeneees D. camfteldii 
Leaves angular-obovate to obovate, not decurrent at base; sepals persistent............cccceseseseeeeeeteeteeeeeees i3 
13 Leaves hirsute, petiolate or sessile, 3-10 mm long; capsule hirsute; 
PITOMES CEMCE CU ATAY occ. cecatnceden ots obguestesaterateedhewcheagoesgbduahangheveve a bbaa oets ae bene to estacecgracgy ohgeatan Store feeagerarcetea heey 13a 
Leaves glabrous, 5-18 mm long; capsule glabrous; inflorescences terminal............cceesesceeceeeeeeeeeeeeeeneenees 14 
Sa Leaves G-OOtheds Mar Oli TECUE VEC cceccocccccssvesciesvnbawolawadenedneedasthuptia chiasataattassandnandorteontestideerteas reste i D. hirsuta 
Leaves mostly 3- or 5-lobed with lobes apically 3-toothed, rarely unlobed 
Ati: S-tOGTHE, MMLC NOE TECUTVE As ccarereessperncrererrasorernnsanntenreounaesnmnentsdontennconenvdamneendsoneenndsneensvdeie D. crucifolia 
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Corrections to the bryophyte names Porella cranford! 
and Temnoma townrowlii, and a note on Pyrrhobryum 
paramattense 


David Meagher 


School of BioSciences, The University of Melbourne 3010, Australia 


Abstract 


Orthographic errors in the specific epithets of Porella cranfordi Steph. and Temnoma townrowii R.M.Schust. 
are corrected. The orthography of the specific epithet of Pyrrhobryum paramattense (Miull.Hal.) Manuel is 
discussed, and the original spelling is retained. The collector of the type of Pyrrhobryum paramattense was 
most likely Franz Wilhelm Sieber, not Charles von Hiugel. 


Introduction 


Article 60.1 of The International Code of Nomenclature for Algae, Fungi and Plants (Shenzhen Code) (Turland 
et al. 2018), referred to hereafter as the Code, states that “The original spelling of a name or epithet is 
to be retained, except for the retention of typographical or orthographical errors... (with some provisos 
unrelated to the taxa considered in this paper). That provision is relevant to three long-standing names 
in Australasian bryology: Porella cranfordii Steph. (Marchantiophyta: Porellaceae), Temnoma townrowit 
R.M.Schust. (Marchantiophyta: Pseudolepicoleaceae), and Pyrrhobryum paramattense (Mull.Hal.) Manuel 
(Bryophyta: Rhizogoniaceae). 


Porella crawfordii Steph. nom. corr. (cranfordi), Hedwigia 28: 270 (1889) 


In her treatment of Porella for Australasia and the South Pacific, So (2002) recognised that the epithet cranfordi 
should be amended to cranfordii, which is the male substantive epithet formed from Cranford, the supposed 
surname of the person honoured by the epithet. This is in accordance with Article 60.8(b) of the Code. However, 
the collector mentioned by Stephani (1889: 270) in the protologue — “New England, Moona near Walcha, A. 
R. Cranford 1884 — was Alexander Robert Crawford (1840-1912), owner of Moona Plains property in north- 
eastern New South Wales (Maiden 1903: 79, Anonymous 1912, Hall 1978). The error probably arose from a 
misreading of the handwritten name, a script w being easily mistaken for a script n. It is noteworthy that an 
isolectotype in MEL (MEL-1038134!) has the collector's name clearly stated as ‘A. R. Crawford, and is in fact 
stored (as are almost all collections of this species in Australian herbaria) as Porella crawfordii Steph., even 
though the corrected name has not been published. As a result, this name appears in many publications and 
websites (e.g. Meagher and Fuhrer 2003, Downing et al. 2007, JSTOR 2020). 
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Under the Code, orthographic errors should be corrected, but the liberty of changing names should also be 
applied with reserve (Article 60.3). Article 60.9, which relates to intentional latinisation of names, does not 
apply, and Article 60.4 notes that the letter w, foreign to classical Latin, is permissible in scientific names. Thus, 
Porella cranfordi should be corrected to Porella crawfordii. 


Temnoma townrowiorum R.M.Schust. nom. corr. Ctownrowii ), Candollea 21: 351 (1966) 


Schuster (1966: 351) named Temnoma townrowii in honor of Dr. and Mrs. John Townrow, of Hobart, Tasmania. 
Article 60.8 of the Code states that terminations of specific epithets that are contrary to the standards set out in 
the Article are treated as errors to be corrected. In this case the required termination of the specific epithet, as 
defined by Article 60.8(b), is -iorum because the name honours more than one person, as in Examples 24 and 
25 under Article 60.8. Temnoma townrowii should be corrected to the less elegant Temnoma townrowiorum, 
following Art. 60.8(b). 


Pyrrhobryum paramattense (Mill.Hal.) Manuel 


Muller (1851: 555) described Pyrrhobryum paramattense (as Mnium paramattense) from a specimen in the 
herbarium of Gustav Kunze. The type statement reads “ Nova Hollandia, cum Hymenophyllaceis et Dicrano 
Sieberiano commixtum, in collibus “Paramatta-Hugel” nuncupatis. Hb. Kunzeanum: In the same volume, 
Muller (1851: 114) gave a locality for another species as “Nova Hollandia prope Paramatta et Port Jackson, in 
arborum cortice. Thus Muller accepted the spelling of the locality as Paramatta, presumably because that is 
how Kunze had spelt it. 


The township of Parramatta was founded in 1788 as Rose Hill, and renamed Parramatta by Governor Arthur 
Phillip in 1791 (Higginbotham 1985, Parramatta Heritage Centre 2020). Collins (1798) noted that the name 
was derived from the Dharug phrase for the area, par-ra-mat-ta, which has been interpreted to mean ‘place 
of eels (McCarthy 1963, Appleton and Appleton 1992). After the declaration of the township, the official 
spelling, Parramatta, was usually used (e.g. Collins 1798, Chapman 1803, Slater 1819, Bemi 1828), but the 
spelling Paramatta was also common (e.g. Barrington 1802, Bennet 1834, Marsden 1858). 


In modern times it has been common for the specific epithet of Pyrrhobryum paramattense to be spelt 
parramattense, especially in Australian publications (e.g. Scott and Stone 1976, Ramsay 1984, Dalton et al. 
1991, Pharo and Beattie 2002, Meagher and Fuhrer 2003). 


Article 60.1 of The Code includes examples of orthographic errors that should be corrected, but none applies 
directly to this instance. In fact paramattense echoes the adjectival epithet commemorating Pennsylvania, 
which appears in botany and zoology in epithets spelled with one or two ns (e.g. Carex pensylvanica Lam., 
Vespula pensylvanica Saussure, Fraxinus pennsylvanica Marshall). I am therefore persuaded that it does not 
require correction, and might be considered an interesting quirk of botanical nomenclature. 


The collector of the type is unknown. Gilmore (2012) attributed the collection to “Huegel, i.e. Charles von 
Higel, who visited Port Jackson in 1834, but there is only a single known plant collection made by him while 
he was there (a sundew, Drosera peltata Thunb. subsp. peltata). In fact, Higel (English ‘hill’) in the protologue 
is not the collector but part of the locality description, ‘in collibus “Paramatta-Hugel” nuncapatis — in the 
hills called “Paramatta Hills”. A likely collector is Franz Wilhelm Sieber, who collected in the Sydney region 
from June to December 1823 and is known to have collected bryophytes and ferns there; Kunze named the 
fern Cheilanthes sieberi after him. ‘Hymenophyllum and “Dicrano sieberanum mentioned in the protologue 
also point to Sieber. He collected the type material of Dicranum sieberianum Hornsch. in the region, as well as 
Hymenophyllum cupressiforme (AVH 2020). Furthermore, Sieber is mentioned by Miller (1851: 247, 392) as 
the collector of two other Australian bryophytes. 


Unfortunately almost all of Millers bryophyte types were lost in the bombing of Berlin on 2 March 1943, 
and Kunzes herbarium at the University of Leipzig was destroyed in December 1943 when the Botany 
Department was hit by a bomb (Morton 1959). There are no known isotypes of Pyrrhobryum paramattense. 
Four collections held in the British Museum (BM) are listed as possible types, but all are from Ernst Hampes 
herbarium, rather than Kunzes: BM 000668768 was collected by Ferdinand von Mueller from Moe Swamp in 
Victoria; BM 000668769 was collected by von Mueller from Mt Juliet, not far from Melbourne; BM 000668700 
is from ‘Australia felix, i.e. Victoria; and BM 000668772 is annotated merely “Nova Holland’ and was originally 
identified as P spiniforme Hedw. If no original material can be located, a neotype should be designated. 
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Abstract 


Phebalium cicatricatum A.J.Ford & Duretto is formally described and illustrated. Notes on habitat, distribution 
and conservation status are provided, as are detailed information how to distinguish it from P. longifolium, the 
only other species of the genus in the Wet Tropics area of north-eastern Queensland, and the pink-flowered 
P. nottii. A key to the species of Phebalium found in Queensland is provided. 


Introduction 


The genus Phebalium Vent. (Rutaceae) is an endemic Australian genus with more than 30 species being 
recognised (Wilson 2013; Telford et al. 2019). Phebalium occurs throughout much of eastern and southern 
Australia (including Tasmania though absent from the Northern Territory) with centres of species diversity in 
south-western Australia and south-eastern Australia (New South Wales and Victoria). 


Recently, a number of species have been segregated from the Phebalium squamulosum Vent. complex which 
exhibits considerable morphological variation. These newly recognised species include: P. longifolium S.T.Blake 
being reinstated as a species (Forster 2003), P. verrucosum (Paul G.Wilson) I.Telford & J.J.Bruhl being raised 
to the status of species (Telford and Bruhl 2014) and the newly described species P. distans P.I.Forst. (Forster 
2003), P. graniticola 1.Telford & J.J.Bruhl, P. stellatum I.Telford & J.J.Bruhl and P. sylvaticum I.Telford & 
J.J.Bruhl (Telford et al. 2019). 


Currently there are three species of Phebalium known from north Queensland, P nottii (EMuell.) Maiden 
& Betche and P glandulosum Hook. from elevated near-coastal and inland areas, and P. longifolium trom 
the mountainous north-east. A morphologically distinct population of a Phebalium species, that superficially 
resembles both P longifolium and P. nottii, from a rhyolite outcrop in north-east Queensland has been known 
since the early 2000's (Ford, pers. observation). Adequate material has not been obtained until very recently to 
understand this species identity and possible close relatives. Collection of both flowering and fruiting material 
has enabled confirmation that the population represents an undescribed species and we name this new species 
below as P cicatricatum A.J.Ford & Duretto. 
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Material and Methods 


This study of Phebalium was exclusively based on the examination of herbarium specimens held at NSW and 
CNS including spirit (alcohol) collections at CNS. In addition, fieldwork by the first author enabled the collection 
of fresh material for morphological assessment as well as pertinent ecological and conservation information. 


Taxonomy 


Phebalium cicatricatum A.J.Ford & Duretto, sp. nov. 


Type: QUEENSLAND: North Kennedy District: Ravenshoe State Forest, off Wooroora road south of 
Ravenshoe, 21 Apr 2020, A. Ford 6778 and W. Cooper (holotype: BRI; isotypes: AD, CANB, CNS, HO, K, 
MEL, MO, NE, NSW, PERTH). 


Diagnosis: Differs from Phebalium longifolium in its leaf margins (strongly recurved versus +flat), longer calyx 
lobes (0.9-1.1 mm versus 0.3-0.5 mm), petal habit (geniculate versus straight), longer petals (5.6-6.1 mm 
versus 3—3.5 mm), petal colour (white to pale pink versus yellow), longer anthers (2—2.1 mm versus 0.7-1.2 mm) 
and longer seeds (2.8-3 mm versus 1.8—2.2 mm); and from P. nottii in its adaxial leaf surface (glabrous versus 
sparsely hairy), and shorter calyx lobes (0.9-1.1 mm versus 1.2—4.5 mm). 


Divaricately branched shrub to 2.1 m high, bark rough and lacking any other distinguishing features, stems to 
35 mm diameter; plant killed by fire. Indumentum (unless stated otherwise) on foliage, twigs and reproductive 
organs consist of overlapping, peltate, rusty-brown to silver-brown fimbriate, lepidote trichomes that are shiny 
(with age trichomes become dull and turn grey-brown). Branchlets not glandular-tuberculate, terete when 
mature (flattened when young) and densely lepidote; trichomes rusty-brown, becoming grey with age. Leaves 
alternate, crowded distally, aromatic when crushed; petiole 1.1-2.6 mm long, strongly grooved adaxially, 
densely clothed in persistent trichomes; lamina narrow-elliptic to oblong 9.4-34 mm long, 2.2-6.5 mm 
wide, length to width ratio 4.3-5.4: 1, coriaceous, “m’-shaped in transverse section (i.e. not flat); abaxial 
surface densely lepidote, trichomes white with scattered red-brown trichomes; adaxial surface dull to shiny 
and glabrous, oil glands large, scarcely raised adaxially; apex bluntly pointed (acute) to retuse, with a short 
reflexed acumen; base attenuate; margin entire, strongly recurved; midvein impressed adaxially and raised 
abaxially, secondary venation inconspicuous. Inflorescence terminal, umbel-like or flowers in fascicles, very 
shortly pedunculate or appearing sessile, 2-4-flowered; peduncles densely clothed in persistent trichomes, to 
1 mm long; pedicels densely clothed in trichomes, terete, 2.5-5 mm long, c. 1 mm diameter. Flowers 8-11 mm 
diameter, 5(6)-merous, actinomorphic. Calyx urceolate, densely clothed in red-brown to dark brown lepidote 
trichomes abaxially, glabrous adaxially; tube 1.9-2.1 mm long, 2.9-3.1 mm diameter, weakly glandular- 
tuberculate; lobes 0.9-1.1 mm long, 1.2-1.5 mm wide, triangular, margin entire. Corolla white to palest pink, 
densely lepidote abaxially, trichomes rusty-brown; petals free, geniculate, 5.6-6.1 mm long, 1.8—2.2 mm wide, 
elliptic-obovate, apex thickened-papillose, glabrous adaxially. Stamens 10-12; filaments unequal, 4-6 mm 
long, filiform, glabrous, white to pale pink; anthers 2-2.1 mm long including a conspicuous papillose terminal 
elongated glandular appendage, c. 0.7 mm wide, elliptic, basifixed but appearing dorsifixed due to elongated 
bases which have a short appendage, dehiscing laterally through longitudinal slits. Ovary globose, densely 
lepidote, c. 1.8 mm high, 5-6-locular; stigma capitate, echinate, c. 0.2 mm long, c. 0.4 mm wide; style 
4.5-5.4 mm long, with dense multifid stellate trichomes in lower half. Fruit capsular, consisting of (4-through 
abortion) 5-6 cocci, calyx persistent; cocci c. 3.8 mm high, c. 2.5 mm wide, apex truncate, densely lepidote. 
Seed ellipsoidal-reniform, 2.8-3 mm long, c. 1.3 mm wide, c. 1.2 mm thick, testa with numerous curved and 
parallel more or less continuous ridges running longitudinally, grey-black, endosperm oily. Embryo c. 1.9 mm 
long, cotyledons narrower and shorter than radicle; cotyledons pointed, c. 0.8 mm long; radicle c. 1.1 mm long, 
thickest proximally. Specific wood density 749 kg/m’. Fig. 1. 


Distribution: Phebalium cicatricatum is endemic to the western edge of the Wet Tropics bioregion (Department 
of Environment 2012) in north-eastern Queensland, Australia, where it is currently only known from a very 
restricted area near Ravenshoe (south-west of Cairns) (Fig. 2). 


Habitat and Ecology: This species is currently only known from a mosaic of sclerophyll shrub woodland 
and associated heath community on rhyolite outcrops. Tree species at this site are poorly formed and often 
of mallee habit or resemble tall shrubs include: Corymbia abergiana, Eucalyptus lockyeri and Syncarpia 
glomulifera. Low, and dense common shrub species include: Acacia leptostachya, Homoranthus porteri, Hovea 
densivellosa, Persoonia tropica, Pimelea linifolia, Platysace valida, Pseudanthus ligulatus and Zieria whitei. The 
ground layer consists of: Aristida benthamii, Arthrostylis aphylla, Borya septentrionalis, Cheilanthes sp., Cladia 
sp., Cleistochloa subjuncea, Gonocarpus sp., Lepidosperma laterale, Mitrasacme oasena, Pomax umbellata, 
Tripogonella loliiformis and ephemeral sedges and herbs. Altitudinal range unknown with the only collections 
recorded at 940 m. 
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Fig. 1. Phebalium cicatricatum. a (top left), habit of flowering branch (Ford 6778). b (top right), close-up of flower. 
c (bottom left), close-up of flowering branchlet showing inflorescence structure (leaf removed from flower at front on 
right hand side). d (bottom right), habitat showing rhyolite substrate. Copyright: CSIRO Andrew Ford (1a, c, d); Tim 
Hawkes (1b). 
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Fig. 2. Distribution of Phebalium cicatricatum (* ) and Phebalium longifolium (O) in north-east Queensland. Shaded areas 
represent the Wet Tropics World Heritage Area within the Wet Tropics Bioregion. 
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Phenology: Flowering is recorded for April-July and mature fruit is known from July-September. 


Conservation Status: Phebalium cicatricatum is currently only known from Ravenshoe State Forest, near 
Ravenshoe, where it is known from one rocky outcrop. Extensive surveys of the area in April 2020 by the first 
author found 12 plants over an area of c. 0.2 hectares. Despite considerable collecting effort in geographically 
and geologically similar adjacent heathy habitats by many collectors, including the first author, in recent years, 
no additional collections or observations of this species have been made. This species would not be overlooked 
due to the typical showy Phebalium flowers and the densely ‘salt and pepper’ lepidote indumentum on leaf 
abaxial surfaces, which would attract collector attention. Although not occupying the same niche or vegetation 
community, Melaleuca lophocoracorum is also a very narrow and localised endemic species being restricted to 
Ravenshoe State Forest, strengthening the biodiversity and conservation value of the Estate. 


We strongly recommend a status of Critically Endangered (IUCN 2019) with a minimum coding of CR: 
Bl+2ab(ili, v) and CR: D. Recurrent fire in a fire sensitive habitat is a serious threat, with seed production 
requiring 3-4 years post fire. Individual plants do not occur in the core area of the heathy vegetation but are 
closely adjacent to the forest/rock outcrop margin, being more susceptible to any increase in fire frequency. 
The invasive weed Praxelis clematidea (Praxelis) occupies a range of microhabitats amongst P. cicatricatum 
plants from rock cracks and skeletal soil pockets to areas densely covered in Cladia sp., and should be classed 
as a threatening species. Praxelis establishes quickly with or without the assistance of disturbance, giving it a 
competitive edge in these marginal sites where competition for root space is strongly contested. 


Affinities: Morphologically Phebalium cicatricatum would appear to be most closely related to the 
geographically closest species, P longifolium, and the pink flowered P. nottii. Although beyond the scope 
intended, it is possible that taxa currently (and previously) included in Phebalium squamulosum Vent. or 
P. nottii may be close relatives. For example, the testa ornamentation shown for P squamulosum (Telford 
et al. 2019, p.7 Figure 1B) is nearly identical to that of P cicatricatum. This ornamentation is also similar to 
that seen in the P. nottii group (Telford 2020, pers. comm.). A comparison of diagnostic differences between 
P. cicatricatum, P. nottii and P. longifolium is provided in Table 1. 


Table 1. Morphological comparison between Phebalium cicatricatum, P. nottii and P. longifolium. 


Character P. longifolium 
Leat transverse section flat 
Leaf appearance (adaxial surface) shiny/retlective 
Adaxial leaf surface (new leaves) glabrous 
Esipctabe length (ini 03-05 

Adaxial calyx surface glabrous 
other ternath Gr 07-12 


Etymology: The epithet cicatricatum, from the Latin cicatrix (scar), in reference to the high probability of 
injury that explorers face as a consequence of walking amongst the thick heathy vegetation and jagged angular 
rocks (rhyolite) in the Ravenshoe area including where this species is found. 


Notes: Phebalium cicatricatum is an obligate seeder and is killed by fire. The most recent fire affecting the 
population was in late 2012, with about 90% of the total adjacent heath mosaic being burnt to varying degrees 
of intensity. Despite these figures less than 50% of the total area of occupation for P. cicatricatum was impacted. 


Although the distribution of Phebalium cicatricatum and P. longifolium overlap (Fig. 2), they occupy different 
habitats. The former occurring in rocky heath communities with skeletal soil and the latter restricted to wet 
sclerophyll forest and rainforest margins. 


The presence of another localised sclerophyllous rhyolite inhabiting endemic adds additional weight to the earlier 
comments of Craven and Ford (2004) when discussing the biological richness of the western edge of the Atherton 
Tableland. They suggest that there is a complex interaction involving “altitude, climate and geology.....which 
may foster evolutionary activity leading to speciation’ (Craven and Ford 2004, p. 6). Other local endemic species 
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restricted to rhyolite areas in the Atherton-Ravenshoe area include: Comesperma anemosmaragdinum, Hibbertia 
concinna, Melaleuca lophocoracorum, Melaleuca sylvana, Melaleuca uxorum, Micromyrtus delicata, Persoonia 
tropica, Prostanthera clotteniana, Zieria fordii and Zieria whitei. Similar examples of localised endemism on 
acid volcanic substrates is discussed by Telford (2013). The McPherson Range and adjacent areas of south-east 
Queensland have long been recognised as an ecological zone which boasts not only regional endemics but also 
site-specific and evolutionarily lead local endemism. For example, Acacia acrionastes and Pultenaea whiteana 
may be considered as regional endemics whereas Bertya ernestiana (site-specific) and Phebalium speciosum (two- 
location endemic) are very narrow regional endemics (Telford 2013). 


Additional specimens seen: QUEENSLAND: North Kennedy District: Ravenshoe Forest Reserve 2 (former 
State Forest 488); off Wooroora Road, S of Ravenshoe, 15 Apr 2013, P. Forster PIF39739 (BRI, NSW); Ravenshoe 
State Forest, off Wooroora road south of Ravenshoe, 20 Jul 2018, A. Ford and J. Mackenzie AF6704 (BRI, CNS, 
NSW); loc. cit., 28 Sep 2018, A. Ford and W. Cooper AF6712 (BRI, CNS, NSW). 


Key to the species of Phebalium in Queensland and their distribution 
within Queensland 


Modified from Forster (2003) and including newly recognised species; petal colour refers to the adaxial surface. 


Lae. Petals Ay Sri Orr eiioitiss Shea ttnnsken ot ueutin ate asta S bas dag Vad tad tbamhrente'soduutaaetaanboutanets aptatunhonsladtaenueatstaa: in thas Mag laahe 2 
Ibs, (Ret erlis: xe aire OT 5 ENE PE, a ceateptoten ber taen eaiteoren eae saevaeteseeanee rede tuonetebadteveation ated Seals Rio peutelegteptet eedlaatenngoctenteiaiateheaetanets 5 
Dac, PETALS VEL OW s-; dered. feted ts dudes shebchen bapect tess oo) DONT LT. Diatabaetbalsacthesatepredrirhentadeantve bicked edesdertaceauty tak Lee P. whitei (SQ) 
Z Ws CEA LS AVGATIPON OT IO MTIC, Met Meceuatclartse Ove Sees Seenetens Micha chats cast oanl oceectaentel Ped Todeet Acct Arelerrattttaticcmans Suey Sectdcdadedadtatelate day vantieryn 3 
3a.. “Leaves sparsely hairy Om Acasa SUtta Ce iss asccatsctccaieencaanaselecn ins dngstlacd sesdsdbensbecssanebonebedoinds P. nottii (SQ, CQ, NQ) 
abs. Sheaves abroue Orr aAdaiah SUPRICES... 02 At elsnseestancneiuptssdoser-sebvndanadeanenabnnebuntaategeednctmesten Abclsbagshdeayadusntspopoeapinvesds 4 
AY MBCA S. HAE x. Sevsaccanssnaaenaaesok chelsea dele, Dies Pec ete east Sask ev RO ENG Lasts basic ebnapwaasasaapnanana dato kee OR P. woombye (SQ, CQ) 
4b.. Léaves strongly nr’ -Shapedin: Cross Section, TECULVE .2ciieitetieasacsnssedsccteonsdehindindneesens P. cicatricatum (NQ) 
ba; Leatimarsin undulate,-markédly Glandular ........o:..ssessossediertisrieneteevtranvivneiventes P. glandulosum (SQ, CQ, NQ) 
5b. Leaf margin entire or sinuate to crenate near the apex, not markedly glandular... eee esseeeeteeeeeeeees 6 
6a. Leaf adaxial surface glabrescent, scabridulOus......... eee essssessesceeceeceeeeeseeeeeeceeceeeeeseeeeeeneees P. graniticola (SQ) 
Gb, eat- adaxial -suptace Cla PLO S 4 iescsasscncedeanvecnayedevstepsaceagsaasaiedsneseandedasnn sndenthantdasstioadsaaekndenssensiaenydeandes depen ynendsaadain 7 
7a. Longest leaves to 25 mm long; calyx more or less truncate... eeeeeeeeeeeeeteeeeeees P. squamulosum (SQ) 
2b. slhoneest leaves: mit: loner Cale IODCG 2225 enteacauacrsttosrnssonncrcrancrautsuctucatncstncatunenerencheseteSateken cam tacnhgencenen 8 
Sa: . Petalsvellows style ak SANT LOG veeiecetcacdhastnestaquvsetareyeuedsvdlcxesseevseceties veer fris lesa toss tos ctecdlecges P. sylvaticum (SQ) 
Sb. -Petals- cream to Winites SIV 263.5 11d LOTS: a. sic), yesvativacdevuseat vans deus tvas eves epsvopedsnoivnctsrenceestonn Seeaesice detagedteegtovevorer 9 
9a. Leaf margin recurved, leaf length: width ratio 7.7-15.5: Lowe eeescseeteeeceseeeceeeeeeeeseeseeeeens P. distans (SQ) 
9b. Leaf margin flat, leaf length: width ratio 5-7.2: 1 eee cssessssececeeceeeceeceeeeeeeeeeseseeeeeeees P. longifolium (NQ) 
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Abstract 


Anoectangium euchloron (Schwagr.) Mitt., Campyliadelphus chrysophyllus (Brid.) R.S. Chopra and Tortula 
caucasica Broth. are reported as new for the Australian continent. 


Introduction 


Ben Van Zanten made several expeditions to Australia in 1968, 1982 and 1993, and made preliminary 
identifications of most specimens. From 2005 onwards, Heinjo During fully identified many specimens 
with well-developed sporophytes. Many of these collections had been used by van Zanten for his long-range 
dispersal experiments — see van Zanten (1978) and van Zanten and Pocs (1981) for further information. 


During the identification process, a few taxa were identified which apparently had been collected for the 
first time in Australia. Furthermore, material has been included that the third author came across while 
studying pottiaceous material from several herbaria. We report three new bryophyte records for Australia, and 
additional observations of one overlooked species, here. 


Pottiaceae Schimp. 


Anoectangium euchloron (Schwagr.) Mitt. 


North Queensland, coastal escarpment, Gillies Highway between Gordonvale and Atherton, steep slope, grassy 
eucalypt forest, on shaded rocks, no sporophytes, s. alt., 20 April 1968, W.A. Weber B. 31.880, det. P. Sollman, 
201.7, hb. COLO, L.. MICH: 


The plants are commonly distinctly rosulate. Leaf shape elliptical to ligulate, margins parallel, leaf apex 
broadly rounded with a small apiculus. Anoectangium euchloron is distinct from the widespread and related 
A. aestivum (Hedw.) Mitt., which has the leaves widest near the base, with an elliptic-lanceolate outline and an 
acute apex. Both species are described in Zander (2019). Anoectangium euchloron is illustrated in Cano and 
Jiménez (2013), and is mainly distributed in tropical parts of the world, but is not mentioned in Streimann and 
Klazenga (2002). 
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Chionoloma tenuirostre (Hook. & Taylor) M.Alonso, M.J.Cano & J.A.Jiménez var. tenuirostre 


We considered it worthwhile to include this species here, because it is easily overlooked in the large publications 
of Alonso (2016) and Alonso et al. (2019). It is listed there as new for Australia. It is not mentioned in Streimann 
and Klazenga (2002). 


Tortula caucasica Broth. 


New South Wales, Sydney, Epping, in garden, exposed, on open soil, alt. c. 100 m., with sporophytes, 4 February 
1982, leg. B.O. van Zanten no. 82.02.03, det. H.J. During (2015), P. Sollman (2020), hb. L. 


According to Streimann and Klazenga (2002: 176), the Australian material of Pottia truncata (Hedw.) Bruch & 
Schimp. belongs to the type variety (var. truncata). This species is now placed in the genus Tortula as Tortula 
truncata (Hedw.) Mitt. s. str. (c.f. Ros et al. 2008). Furthermore, the third author has identified many pottiaceous 
collections in the recent past from herbarium Canberra (CANB), most of them collected by H. Streimann in 
Australia. In this material only Tortula truncata (Hedw.) Mitt. s. str. is present. In most recent floras, Tortula 
truncata and T. caucasica (usually under its synonym Tortula modica R.H. Zander, see Ros et al. 2008) are 
accepted as distinct species, differing, i.a., in the shape of the sporophyte (widest at mouth in T. truncata, 
constricted at the orifice in T’ caucasica). Further differences are indicated in Smith (2006). The specimen van 
Zanten 82.02.03 seems to represent the first collection of T: caucasica in Australia. 


Amblystegiaceae Kindb. 


Campyliadelphus chrysophyllus (Brid.) R.S. Chopra 


New South Wales, Mt. Kosciusko National Park, Wilsons Valley, dry sclerophyll forest, on small dry log, in 
half-shade, about 20 - 50 m above Wilsons Creek, alt. c. 1200 m., without sporophytes, 24 February 1982, leg. 
B.O. van Zanten no. 82.02.829, det. L. Hedenas, hb. L, S. 


This species is not mentioned in Streimann and Klazenga (2002). Campyliadelphus chrysophyllus is well- 
described, discussed and illustrated by Smith (2006). In the Southern Hemisphere it is known from Patagonia 
in southern South America (Smith 2006). O'Shea (2006) lists this plant from Lesotho in southern South Africa. 
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Abstract 


Eucalyptus dealbata subsp. aperticola S.A.J.Bell & D.Nicolle, a new mallee red gum from Triassic aged sandstone 
benches in the northern part of Wollemi National Park north-west of Sydney, is described and illustrated, and 
notes on affinities, distribution, ecology and conservation status provided. 


Introduction 


The ‘red gums (Eucalyptus subg. Symphyomyrtus sect. Exsertaria) are a complex group of eucalypts, with 
62 terminal taxa in three series and four subseries (Nicolle and Jones 2018; Nicolle 2019). Eucalyptus ser. 
Exsertae subser. Erythroxylon (the ‘eastern red gums) currently consists of 14 species (17 terminal taxa) 
distributed across most mainland States in Australia, with one also occurring in Papua New Guinea. Six of 
these (E. amplifolia Naudin, E. blakelyi Maiden, E. chloroclada (Blakely) L.A.S.Johnson & K.D.Hill, E. glaucina 
Blakely, E. tereticornis Sm., and E. terrica A.R.Bean) are forest or woodland trees occurring in level to undulating 
terrain, sometimes in winter-wet or riverine habitats, while the other eight species (E. dealbata A.Cunn. ex 
Schauer, E. dwyeri Maiden & Blakely, E. flindersii Boomsma, E. infera A.R.Bean, E. kabiana L.A.S.Johnson 
& K.D.Hill, E. nandewarica L.A.S.Johnson & K.D.Hill, E. nudicaulis A.R.Bean, E. vicina L.A.S.Johnson & 
K.D.Hill) are small trees or mallees inhabiting often siliceous ridges in drier country. 


In the Hunter Valley of New South Wales, 12 terminal taxa of E. sect. Exsertaria are known: Eucalyptus 
amplifolia subsp. amplifolia, E. blakelyi, E. camaldulensis Dehnh. subsp. camaldulensis, E. dealbata subsp. 
aperticola (described herein), E. dealbata subsp. dealbata, E. dwyeri, E. glaucina, E. parramattensis subsp. 
decadens L.A.S.Johnson & Blaxell, E. parramattensis E.C.Hall subsp. parramattensis, E. prava L.A.S.Johnson 
& K.D.Hill, E. tereticornis subsp. basaltica, and E. tereticornis subsp. tereticornis). The Hunter Valley lies to the 
immediate north of, and is partially included within, the Sydney Basin bioregion, an expanse itself comprising 
a high diversity of eucalypts. The Greater Blue Mountains World Heritage Area, adjoining the Hunter and 
covering an area of 1,032,649 ha within the Sydney Basin, supports 96 taxa (81 spp., 15 subsp.) but only five of 
these are red gums (Hager and Benson 2010). No other red gums in subser. Erythroxyla are known from other 
parts of the Greater Sydney Basin, and the Hunter Valley approximates the south-easterly geographical limit 
of this group. 
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Within this context, taxonomic investigations have been undertaken intermittently over the past twenty years 
on mallee populations of red gum from the northern sandstone escarpment of Wollemi National Park (NP), 
on the southern rim of the Hunter Valley. Early collections of this glaucous mallee (e.g. Bell s.n., 1997) were 
noted as potentially novel, but subsequently considered an unusual variant of Eucalyptus dealbata. Although 
not previously known from this part of the Hunter Valley, E. dealbata seemed appropriate at that time as the 
stand showed consistent glaucous traits which differed markedly from the locally more common E. dwyeri. 
Bell (2001) consequently discussed this population as representing a disjunct easterly extension of range for 
E. dealbata, but later alluded to the possibility of it representing a new species (Bell 2008). As part of a revision 
to the classification and mapping of Wollemi National Park over the last decade, the opportunity arose to again 
sample the only known stand of this probable novelty. Investigations of this and an additional stand have now led 
to the description of this taxon as a new subspecies. We have conservatively considered the rank of subspecies 
as the most appropriate for this taxon as: it occurs at the geographical extremity of the widespread E. dealbata; 
most morphological features are variable despite the limited distribution, and they overlap slightly in size with 
E. dealbata or are difficult to quantify; and some observable differences may be wholly or partly environmentally 
determined due to markedly differing habitat. Additionally, poor resolution of Eucalyptus dealbata s. lat. from 
E. dwyeri and E. nandewarica within a wider genetic investigation of sect. Exsertaria (Jones et al. 2016) suggests 
caution in applying the rank of species to a group of taxa potentially displaying incomplete speciation. 


Taxonomy 


Eucalyptus dealbata subsp. aperticola S.A.J.Bell & D.Nicolle, subsp. nov. 


Type: New South Wales: Central Western Slopes: Glen Gallic Track, Wollemi National Park, 32°33'11'S, 
150°39'26'E, 15 Mar. 2012, D. Nicolle 6245 e& S.A.J. Bell (holo: AD; iso: CANB). 


=Eucalyptus sp. Glen Gallic (Nicolle 2015) 


Distinguished from E. dealbata subsp. dealbata by its sprawling, multi-stemmed mallee habit, its more strongly 
quadrangular branchlets, its more thickened peduncles, its larger buds, and its larger, usually 4- or 5-valved 
fruits with a broader disc (Figures 1-5); the adult leaves also tend to be greyer, relatively broader, and thicker 
(see Table 1). 


Sprawling, multi-stemmed mallee, to 5 metres tall, lignotuber present. Bark smooth throughout, grey over 
pale grey, decorticating annually in strips. Seedling leaves petiolate, opposite for a few nodes then becoming 
disjunct, lamina ovate, +concolorous, pruinose at first, dull, grey-green, glabrous, 50-70 mm long x 25-40 mm 
wide. Seedling stems strongly quadrangular, glabrous, pruinose. Adult branchlets initially strongly angular and 
quadrangular, pruinose, pith glands absent. Adult leaves petiolate, disjunct, +pendulous; petiole 14-20 mm long; 
lamina broad-lanceolate to ovate, concolorous, pruinose at first, dull, grey-green, 105-140 mm long x 17-50 mm 
wide; vein reticulation of moderate density, primary veins 45—50° to midrib, intramarginal vein distinct, 1.5-3 mm 
from margin; oil glands small but numerous, mainly occurring between veins (island-type). Inflorescences 
axillary, unbranched, held erect, 7-9 flowered; peduncles thickened, angular, 5-15 mm long; pedicels thickened, 
angular, 1.5-7 mm long. Flower buds shortly pedicellate, diamond-shaped, 10-13 mm long x 5-6 mm wide, outer 
opercula scar present; opercula conical to very slightly beaked, longer than hypanthia, 7-10 mm long. Flowers 
creamy white. Fruits pedicellate, hemispherical to slightly campanulate (excluding disc and valves), 5.5-8 mm 
long x 6.5-11 mm wide; disc broad, 1.5-2.5 mm wide, level to annular-ascending; valves (rarely 3) 4 or 5, erect 
and exserted above rim. Seeds brown-black, pyramidal to cuboid, 1-2 mm long, hilum terminal. Figures 1-5. 


Table 1. Comparison of Eucalyptus dealbata subsp. dea/lbata and subsp. aperticola 


Character E. d. subsp. dealbata E. d. subsp. aperticola 
Habit Single- or several-trunked tree Multi-stemmed mallee 
Branchlets Initially somewhat angular and quadrangular NICauy SEONG ly aNgLtal and: CONSPICUOUS 


quadrangular 


Blue-green to grey-green, lanceolate to broad- Grey-green, lanceolate to ovate, to 140 mm long x 


Adult leaves lanceolate, to 185 mm long x 11-40 mm wide, 17-50 mm wide, relatively firm 
relatively lax 

Peduncles Not thickened, 3-20 mm long Relatively thickened, 5-15 mm long 

Bud size 6-12 mm long x 3-5 mm wide 10-13 mm long x 5-6 mm wide 

Fruit size 2.5-6 mm long x 5-7 mm wide 5.5-8 mm long x 6.5-11 mm wide 

Fruit disc <1-1.5 mm wide ca. 1.5-2.5 mm wide 


Fruit valves 3 or 4 (rarely 5) per Truit (Rarely 3) 4 or 5 per fruit 
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Fig. 2. Eucalyptus dealbata subsp. aperticola resprouting after wildfire in 2013, Wollemi National Park. 
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Fig. 3. Branchlet detail of Eucalyptus dealbata subsp. aperticola (a, b: progeny of D. Nicolle 6242 & S. Bell, Currency Creek 
Arboretum (CCA), ex. Glen Gallic, NSW) and subsp. dealbata (c, d: progeny of D. Nicolle 6171, CCA, ex. North-east of 
Texas, Qld; e: progeny of D. Nicolle 723, CCA, ex. Inverell, NSW; f: progeny of D.Nicolle 724, CCA, ex. Killarney Gap, 
NSW). Scale bar = 40 mm (upper) 10 mm (lower). 
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Fig. 4. Buds and fruit of Eucalyptus dealbata subsp. aperticola (a - e: progeny of D. Nicolle 6242 & S. Bell, Currency Creek 
Arboretum (CCA), ex. Glen Gallic, NSW) and subsp. dealbata (f - g: progeny of D. Nicolle 723, CCA, ex. Inverell, NSW; 
h - i: progeny of D. Nicolle 724, CCA, ex. Killarney Gap, NSW). Scale bar = 20 mm. 
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Fig. 5. Seedlings of Eucalyptus dealbata subsp. aperticola grown from seed of D. Nicolle 6242. 


Flowering: Flowering is likely to be erratic, although buds have been observed in June and flowers in August 
(the latter in post-fire regrowth). 


Distribution and Habitat: Currently known from two ridge systems in the northern section of Wollemi 
National Park, near Denman in the upper Hunter Valley, c. 150 km north-west of Sydney (Figure 6). Both 
ridgelines predominantly run east-west, and form a low sandstone escarpment above Martindale Creek, 
which ultimately drains into the Hunter River. 


Known stands occur on near-level Triassic Narrabeen sandstone benches in elevated country on the southern 
rim of the Hunter Valley, between elevations of 450 and 500 m above sea level. In long unburnt areas, a dense 
scrubby heath develops with the new taxon shortly emergent over the shrubs Calytrix tetragona, Leptospermum 
parvifolium, Acacia triptera, Leucopogon muticus, Boronia anethifolia, Isopogon dawsonti, Harmogia densifolia, 
Grevillea montana, Cryptandra spinescens, Gompholobium aspalathoides and Allocasuarina gymnanthera, 
while on the ground occur Lepidosperma concavum, Hibbertia circumdans, Oxylobium pultenaea, Eragrostis 
brownii, Cheilanthes sieberi subsp. sieberi, Dampiera purpurea and Platysace ericoides. Surrounding vegetation 
comprises taller open forest of Eucalyptus sparsifolia and E. punctata, a common association in northern 
Wollemi National Park (Bell 1998; NSW Office of Environment and Heritage 2012), and either species may 
occur sporadically within stands of E. dealbata subsp. aperticola. 


Following wildfire in 2013, regeneration of burnt habitat also revealed the presence of Commersonia rosea and 
Monotaxis macrophylla, both endangered fire ephemeral taxa under New South Wales threatened species legislation. 
Commersonia rosea is itself a significant find, and represents the largest known population (tens of thousands of 
plants) and the first for Wollemi National Park (Bell and Holzinger 2015). Field observations at this time showed 
vigorous resprouting of E. dealbata subsp. aperticola approximately 12 months after the fire (Figure 2). 


Mapping of vegetation communities within Wollemi National Park revealed over 500 hectares of rockplate heath 
in the northern sections of the reserve (NSW Office of Environment and Heritage 2012), although it is unclear 
how much of this supports E. dealbata subsp. aperticola. Several other heath and scrub communities have been 
surveyed and mapped within Wollemi National Park, but to date none have supported the new subspecies. 


Conservation status: All known stands of Eucalyptus dealbata subsp. aperticola occur within Wollemi National 
Park and are not under any perceivable threat. The entire known population suffered an extreme bushfire 
event in October 2013, but recovery has been swift. A second wildfire in the area in December 2019 potentially 
impacted part of the population. The Glen Gallic fire trail bisects the type locality in the more northern stand, 
but it is not envisaged that further threats will occur because of this. Passive management practices undertaken 
within the national park are considered acceptable for the taxon’s long-term requirements. A conservation risk 
code (ROTAP: Briggs & Leigh 1996) of 2KC is proposed for this taxon. Under IUCN (2001) criteria, a code of 
DD (Data Deficient), is appropriate as detailed assessment has not been undertaken. 
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Fig. 6. Location of Eucalyptus dealbata populations (subsp. dealbata and subsp. aperticola) within the Sydney Basin 
bioregion, showing broad surface geology and Wollemi National Park. Note that remnant basalt flows of Cenozoic age 
over older Triassic sediments in the Goulburn River NP and Wollar districts (where E. dealbata subsp. dealbata occurs) 
are too small to show. 


Etymology: The subspecific epithet is taken from the Latin apertus (open) and -cola (dwelling), referring to 
the open and exposed sandstone benches atop ridgelines that the subspecies inhabits. Although the northern 
parts of Wollemi National Park are known for their rugged sandstone topography, the new species has been 
found only in the Martindale — Glen Gallic locality, on these level or near-level sandstone benches. 


Additional specimens: New South Wales: Central Western Slopes: Glen Gallic Trail, Wollemi NP, 32°32, 
150°35'E, 6 Jun 1997, S. Bell s.n. (NSW); Wollemi National Park: Martindale area, 32°30'S, 150°40 E, 4 Aug 
1997, S. Bell s.n. (CANB); Glen Gallic Track, Wollemi National Park, 32°33'12"S, 150°39'51"E, 15 Mar 2012, | 
D. Nicolle 6242 & S.A.J.Bell (AD, CANB); ied grown from D. Nicolle 6242 & S.A.J. Bell, 16 Feb 2013, D. 
Nicolle 6579 (AD). 


Discussion 


In their recent revised classification of Eucalyptus subg. Symphyomyrtus sections Maidenaria, Exsertaria (the 
red gums), Latoangulatae and related smaller sections, Nicolle and Jones (2018) placed E. dealbata in E. ser. 
Exsertae subser. Erythroxylon along with 13 other eastern Australian red gum species. Their classification was 
partly informed by a large-scale genetic study of the group (Jones et al. 2016), which included three populations 
of E. dealbata subsp. dealbata as well as a single population of E. dealbata subsp. aperticola (D. Nicolle 6242). 
In that genetic study, E. dealbata was not well resolved as a species, being grouped with all populations of 
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E. dwyeri and E. nandewarica as well as with some populations of E. blakelyi and E. vicina, all part of E. subser. 
Erythroxylon. This poor genetic resolution of E. dealbata from related species demonstrates the close affinities 
shared by many species within subser. Erythroxylon, with Jones et al. (2016) suggesting inconsistencies such 
as this may occur due to incomplete speciation or hybridisation within the group. Observations of variable 
morphology within the new taxon (e.g. adult leaves 17-50 mm wide, fruit 6.5-11 mm wide), despite its limited 
distribution, implies that incomplete speciation may also apply to E. dealbata subsp. aperticola. 


Morphologically, E. dealbata is relatively well-defined and readily distinguished from the other 13 species of 
E. subser. Erythroxylon by its small tree or mallee habit, its ovate to orbicular, grey-green, pruinose juvenile 
leaves, its dull, blue-green to grey-green adult leaves, its pruinose branchlets, its pruinose buds with relatively 
short opercula, and its initially pruinose fruits. The species is distributed widely on the tablelands and western 
slopes of NSW, from about Grenfell and Cowra northwards to far southern Queensland. It invariably occupies 
rocky sites on hilltops and slopes. Two other species of E. subser. Erythroxylon can have pruinose buds (rarely 
in E. blakelyi and consistently in E. glaucina). Eucalyptus blakelyi, another widespread species occurring along 
the Great Dividing Range from west of Bendigo in Victoria northwards to the Stanthorpe area on the NSW 
— Queensland border, differs from E. dealbata in its greener, non-pruinose juvenile leaves, its longer opercula 
and its non-pruinose branchlets and fruits. Intergrades between E. blakelyi and E. dealbata subsp. dealbata 
occur in some areas and are characterised by their intermediate habitat and morphology (Brooker and Slee 
2000; Slee et al. 2015). Eucalyptus glaucina, a more restricted, subcoastal species from fertile flats in the lower 
Hunter Valley and in the Casino district in northern NSW, differs from E. dealbata in its taller habit, its larger 
juvenile and adult leaves, and its much longer opercula. The distribution of EF. glaucina and E. dealbata do 
not overlap, and the two species grow in very different habitats. Intergrades have also been recorded between 
E. dealbata subsp. dealbata and both E. dwyeri and E. vicina (Brooker and Slee 2000). Both of these species 
differ from E. dealbata most conspicuously in their relatively narrower, greener and non-pruinose juvenile 
leaves and their non-pruinose adult features. 


The more distantly related EF. prava is another red gum with pruinose features that may also be confused 
with E. dealbata. The species is largely restricted to the New England Tableland, occurring as far south as the 
Murrurundi area within the upper Hunter Valley. Nicolle and Jones (2018) place E. prava in E. ser. Liberivalvae 
with five other species. This series differs most notably from E. ser. Exsertae in its somewhat granular smooth 
bark, its fruits, in which the disc is annular and free of the ovary roof, and its red-brown seeds. 


Two subspecies are now recognised in E. dealbata; subsp. dealbata distributed throughout the range of the 
species, and subsp. aperticola from northern Wollemi NP and environs. Only subsp. aperticola occurs on 
Triassic-aged Narrabeen sandstone geology, all others are found on older sediments. Intermediates between 
the two subspecies are not known, with subsp. aperticola occurring approximately 40 km to the south-east 
of the nearest known stand of subsp. dealbata. Several other stands of E. dealbata, all attributable to subsp. 
dealbata, are extant in the Sydney Basin bioregion (Table 2, Figure 6), most within the broader Hunter region. 
A search of the Atlas of Living Australia (ALA), Australias Virtual Herbarium (AVH) and the NSW Office 
of Environment and Heritage Bionet database was undertaken to collate and audit all known populations of 
E. dealbata in the Sydney Basin bioregion (records with geospatial accuracies of >10 km excluded). Inspection 
of these populations between 2014 and 2019 confirmed differences between the two subspecies. All stands 
of subsp. dealbata supported mostly single stemmed small trees (Figure 7), but no individuals displayed the 
characteristic sprawling, multi-stemmed mallee habit, strongly quadrangular branchlets, or large buds and 
fruits of subsp. aperticola. 


Co-occurring vegetation at sites supporting subsp. dealbata commonly included Eucalyptus crebra and Callitris 
endlicheri, over shrubs such as Cassinia quinquefaria, Allocasuarina verticillata, Cassinia sifton, Lissanthe 
strigosa, Dodonaea viscosa subsp. cuneata, Indigofera adesmiifolia, Leucopogon muticus, Baeckea diosmifolia 
and Bursaria spinosa. Some sites, such as at Wollar and Owens Gap, have been previously partially cleared 
for grazing and trees have coppiced from cut stumps. A few sites within the Goulburn River National Park 
area support E. dealbata subsp. dealbata on remnant basalt flows within a wider Triassic Narrabeen geological 
landscape, and here the species co-occurs with E. albens and Callitris glaucophylla, occasionally over Triodia 
scariosa. Further west near Leadville, E. dealbata subsp. dealbata occurs within a largely cleared landscape 
of E. microcarpa, E. melliodora and E. albens. At Mt Stormy, in the Upper Growee area, single-stemmed 
but stunted E. dealbata subsp. dealbata grow with Acacia doratoxylon, E. goniocalyx and Callitris sp. over 
an understorey of Monotoca scoparia, Boronia anethifolia, Grevillea ramosissima, Allocasuarina sp., Triodia 
scariosa and Xanthorrhoea johnsonii (G. Taseski pers. comm. 2019). 
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Fig. 7. Representative stands of Eucalyptus dealbata subsp. dealbata within the Sydney Basin bioregion: a, Owens Gap, 
Scone; b, Wollar Rd, Wollar; c, Ringwood Rd, Wollar; d, Leadville; e, Glen Davis Rd, Glen Davis; f, Port Macquarie Rd, 
Glen Davis. 


Table 2. Known naturally occurring populations of Eucalyptus dealbata within the Sydney Basin bioregion, showing geology, 
elevation and habit. Geological units follow the Australian Stratigraphic Units Database (https://asud.ga.gov.au/). 


Taxon Population Lat Long Geology Elevation Growth form 
subsp. dealbata Middle Brook 31.9000S 150.7833E Liverpool Range Volcanics 520 single-trunked trees 
(unmapped) 
Owens Gap 32.0129S 150.7573E Permian Newcastle Coal 312 single-trunked trees 
Measures 
Wollar 32.3611S 149.9223E Permian Illawarra Coal 465 Single & multiple- 
Measures trunked trees 
Goulburn River NP 32.3030S 150.0122E — Liverpool Range Volcanics 379 single-trunked trees 
(unmapped) 
Leadville 32.0422S 149.5863E Silurian Tannabutta Group 505 single-trunked trees 
(volcanics) 
Upper Growee 32.5352S 150.0453E Cenozoic volcanics 750 single-trunked trees 
Glen Davis 32.9882S 150.0945E Permian Shoalhaven 478 single-trunked trees 
Group 
subsp. aperticola Glen Gallic 32.55378 150.6604E Triassic Narrabeen Group 480 Multi-stemmed 


mallee 
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New combination for Uncinia flaccida in Carex (Cyperaceae) 
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Sydney, NSW 2000, Australia 


Abstract 


A new combination in Carex is made for Uncinia flaccida S.T.Blake since the earlier “Carex flaccida, usually 
attributed to Sw. ex Wahlenb., is invalid, published only in synonymy by several authors. 


Introduction 


A paper outlining the case for a broad circumscription of the genus Carex L. (Global Carex Group 2015) 
included combinations in Carex for species previously included in the genus Uncinia Pers. In that paper, I 
created a new name — Carex austroflaccida K.L.Wilson — for the Australian species Uncinia flaccida S.T.Blake, 
thinking that the epithet ‘flaccida’ was preoccupied in Carex as either “Carex flaccida Sw. ex Wahlenb. (1803) 
or C. flaccida Sw. ex Kunth (1837). 


However, further investigation has shown that Swartz, Wahlenberg and Kunth did not validly publish the 
name. I could find no reference to such a name in the original treatment of Carex in volume one of the Flora 
Indiae occidentalis (Swartz 1797: 84) nor in the additions and corrections in the following volumes: neither the 
section Addenda on several unnumbered pages at the start of volume 2 (Swartz 1798) nor the sections ‘Omissa 
et addenda (pp. 1941-1964) and ‘Inserenda et corrigenda (pp. 1965-1988) in the third volume (Swartz 1806). 
The first publication of the (invalid) name seems to have been as a synonym under C. cladostachya Wahlenb. 
(= C. polystachya Sw. ex Wahlenb. fide Acevedo-Rodrigues and Strong 8 July 2005) by Wahlenberg (1803: 
149), in the form ‘C. flaccida Svartz [sic] Flor. ind. occid. Append. It is not clear what appendix of Swartz’ 
publication (Swartz 1797, 1806) was being referred to by Wahlenberg (1803). There is no appendix to that 
work, nor do Stafleu & Cowan (1986) mention one. 


Stearn (1980) supplied a possible reason why Swartz (1806) omitted this taxon (under either name): Swartz 
apparently concentrated on publishing species new to science, i.e., he was not intending to provide a complete 
Flora for Jamaica, and on that basis he would have omitted this species because he knew that Wahlenberg 
(1803) had already published its name and description. 


Most of Swartzs herbarium is in S (Nordenstam 2012). One of the isotypes of C. cladostachya in S (sheet 
S-R-913, image seen) bears a draft description of C. flaccida written by Swartz, headed by ‘Carex flaccida (fl. 
ind. occid.)’ and annotated above that (in the same hand) ‘Carex cladostachya Wahlenb- This can be interpreted 
as meaning that Swartz had intended to describe this taxon in his Flora Indiae occidentalis volume 3 (1806) 
but realised that he had been beaten to the punch by Wahlenberg (1803). An isotype of C. polystachya (sheet 
S-R-925) bears a typed note about the missing appendix manuscript, stating that only a few pages exist (as 
copies, and annotated by Wikstr6m) attached to some herbarium sheets, e.g. sheet S-R-913. 
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The later publication by Kunth (1837: 510) merely cited the name as a synonym of C. cladostachya, as 
Wahlenberg had done, making it a nomen nudum. 


Numerous other authors including Willdenow (1805: 247), Schkuhr (1808: 182), Poiret (1813: 284), Dietrich 
(1816: 30), Steudel (1821: 155, 1841: 285, 287) and Clarke (1900: 158) repeated the citation of Swartzss invalid 
name as a synonym of C. cladostachya. Kuekenthal (1909: 267) also cited it as a synonym, with the note ‘(ex 
Wahlenb.). Boott (1858: 29) and Grisebach (1859-64: 580) did not mention it, nor do more recent West Indian 
Floras, including Adams (1972:156), Koyama (1979: 320) and Acevedo-Rodriguez and Strong (2005: 250). 


Since Swartzs invalid name is a nomen nudum, published only as a synonym, there is no barrier to making a 
new combination in Carex for Uncinia flaccida: 


Carex flaccida (S.T.Blake) K.L.Wilson, comb. nov. 

Basionym: Uncinia flaccida S.T.Blake, Proceedings of the Royal Society of Queensland 51: 49 (1940). 

Carex austroflaccida K.L.Wilson in Global Carex Group, Bot. J. Linn. Soc. 179: 29 (2015), nom. superfl. 

Type citation: “Victoria. - Mount Buffalo, in rock crevices, ca. 5,000 feet, Jan. 26", 1935, Blake 7398 (‘Type in Bri.): 


Type: Australia: Victoria: Mount Buffalo, c. 5,000 feet [1,500 ml], S.T. Blake 7398, 26 Jan 1935; holo BRI- 
AQ0341575; iso CANB 260671, K 000960285, L 0042816, MEL 67107, MEL 67112, MEL 2084383, MEL 
2380193, NSW 43165, P 00605672, P 00605673. 


Distribution: At higher altitudes in south-eastern New South Wales, Victoria and Tasmania (Wilson 1993). 
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Abstract 


Danhatchia novaehollandiae D.L.Jones & M.A.Clem. and D. australis (Hatch) Garay & Christenson were 
separated at species rank due to differences in petal length and flower opening, with the Australian species 
having smaller, tardily opening flowers. From this, flower lengths for Australia and New Zealand are expected 
to be bi-modally distributed with peaks at c. 3 mm and c. 5 mm respectively. Flowers on all available herbarium 
specimens in AK, CANB, and NSW were measured, and flower length was found to be unimodal, with 
nearly identical ranges in Australian and New Zealand plants. Flower size variation in Australian and New 
Zealand Danhatchia specimens has two significant contributing components, inter-individual variation, and 
ontogenetic variation where flowers increase in size as they age. Dimensions previously recorded for the two 
species reflect upper and lower limits on the range of variation in flower size present in both New Zealand and 
Australia, respectively. Within herbarium material, 20% of flowers on New Zealand specimens, and 40% of 
flowers on Australian specimens exhibited signs of opening. There was no correlation between flower size and 
opening, as might be expected if the two species were both present in Australia and/or New Zealand. Neither 
the biogeographic context, pollination system, nor morphological evidence support Danhatchia australis and 
D. novaehollandiae as distinct species. 


Introduction 


Danhatchia Garay & Christenson is a genus of obligate mycoheterotrophic orchids found in Australia and 
Aotearoa/New Zealand. In New Zealand D. australis occurs from Waipoua Forest to Mt Pirongia in the North 
Island, and also Aotea, Hauturu, and the Mokohinau Islands off the north east coast of the Auckland region, 
and has an outlying occurrence in the north-west of the South Island. Danhatchia australis is often found 
in taraire (Beilschmiedia taraire) forest, on alluvial terraces and hill slopes. But it also occurs within other 
communities, including houpara (Pseudopanax lessonti) scrub, and kanuka (Kunzea linearis) forest, so is not 
an obligate associate of Beilschmiedia. It has a reputation for being a challenging orchid to find, with a distinct 
summer flowering season. 


Danhatchia australis was initially proposed as a species of Yoania by Hatch (1963). Earliest specimens were 
collected in 1955 at Waipoua River, and subsequent collections in 1962 from Glorit, Kaipara Harbour by Ross 
and Jessica Beever. Hatch (1963 p.186) noted that New Zealand plants differed from the Japanese type species 
(Yoania japonica) in their short pedicels, lack of labellum spur, fleshy obtuse column wings and two pollinia, 
differences which ‘so strain the original generic description that I propose creating a new subgenus. Yoania 
australis transferred to the new genus Danhatchia by Garay and Christenson (1995). 
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Danhatchia was thought to be endemic to New Zealand until it was discovered at two widely separated localities 
on the east coast of New South Wales in 2010, during a wet spring, after a particularly wet winter, first near 
Bundanoon on the south Coast, then independently and around three weeks later at Borganna, on the Comboyne 
Plateau. At both sites Danhatchia grew in mixed warm temperate rainforest. Australian plants were described 
as a new species, D. novaehollandiae D.L.Jones & M.A.Clem. because they differed from New Zealand plants 
by their smaller, tardily opening flowers (Jones and Clements 2018). A third species, D. copelandii D.L.Jones & 
M.A.Clem., has since been described from near Coffs Harbour, New South Wales (Jones and Clements 2019). 


The differences cited as distinguishing D. australis from D. novaehollandiae are not fully compatible with 
statements made by Moore and Edgar (1970) regarding the variability of D. australis in New Zealand. In the 
Flora of New Zealand Volume 2, Moore and Edgar (1970) noted that ‘some capsules are full of seeds although 
perianths appear never to have opened and pollinia are intact in situ. They also lamented the paucity of ‘good 
fresh flowers, which made the precise limits of stigmatic surfaces and column-wings difficult to establish. 
Moore and Edgar (1970) described New Zealand plants as having a perianth around 6 mm long, however a 
preliminary assessment of living plants and herbarium specimens suggested flower sizes in Australian and 
New Zealand plants are more variable than indicated by either Moore and Edgar (1970) or Jones and Clements 
(2018). In this paper patterns of flower size variation in Australian and New Zealand Danhatchia, including 
one specimen of D. copelandii, are quantified, to better understand factors contributing to flower size variation. 


Methods 


Flower length was measured to quantify patterns of flower size variation. Flower length was the length of the 
lateral sepals measured from their insertion on the ovary to their apex, in the flattened conformation preserved 
in dry herbarium material. The difference between dehydrated and hydrated lengths was estimated by measuring 
lateral sepals from three different flowers when dry, and after soaking for 2 hours in water. Wet lengths were c. 0.5 
mm longer than dry lengths. Measurements were made with Carrera Precision digital calipers accurate to 0.01 
mm. Measurement error was estimated at 0.06 mm by repeated measures of five flowers, selected haphazardly. 


A total of 232 mature Danhatchia flowers from 31 specimens — 26 from New Zealand (all D. australis) and 
5 from Australia (4 D. novaehollandiae and 1 D. copelandii) were measured, the specimens included are 
listed under specimens examined in the Taxonomic Treatment. Mature flowers were those whose anther 
had dehisced, which was confirmed by either swelling of the ovary or visual inspection of the anther. The 
node number from the first mature flower closest to the inflorescence apex was recorded, node number is a 
proximate measure of relative flower age within each inflorescence. Whether the flowers were fertilized and 
whether or not the flowers exhibited evidence of opening (segments separated) was also recorded. The date 
of collection was included as a predictor variable by scoring the earliest collection date as 1 and adding the 
number of subsequent days for all other specimens. All analyses were performed on dry-length measurements. 


Homoscedasticity of variance was confirmed with the Breusch-Pagan test for linear regressions of flower length 
on day with the bptest function of the Imtest package (Zeileis and Hothorn 2002), and with the Levenes test 
for the factors in the anova model, with the leveneTest function of the car package (Fox and Weisberg 2019). 
Relationships between flower length and flowering time were estimated with a generalized linear model, using 
the lm function. An association between flower size and country (a proxy for the species D. australis and 
D. novaehollandiae), specimen, and node number was assessed in a four-way analysis of variance (anova) 
with interaction terms for node and specimen, and node and inflorescence, with the function aov. The single 
specimen of D. copelandii was excluded from the anova. The correlation between flower length and flower 
opening was estimated with a binary logistic regression, performed by the glm function. Regression, correlation 
and analysis of variance were all completed using the stats package (R Core Team 2018), and all analyses were 
performed in R 3.5.2 (R Core Team 2018). 


Results 


Variances were homoscedastic for all predictor variables and factors. Flower length was not significantly 
different between Australian and New Zealand plants (Table 1, Fig. 1A), nor different between inflorescences 
on the same herbarium sheet (Table 1). However, flower length was significantly different among specimens 
(Table 1, Fig. 1B), and among flowers at different node numbers on the inflorescence, across all specimens 
(Table 1, Fig. 1C, 1D). Flower length was not significantly correlated with date of collection (R’*=0.015, 
F455) =3-42, p=0.066, Fig. 2A). There was a significant positive correlation between flower size and position 
on inflorescence, with flowers further from the apex, and having higher nodal number from the apex, being 
longer on average (R°=0.166, F’, ,,..=45.64, p=1.9 x 10°", Fig. 2B). There was no correlation between flower 


length and whether flowers opened or remained closed (Table 2). 
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Table 1. Summary statistics from anova of flower length, showing significant contribution to variation from specimens 
and inflorescence node number, but no significant differences among Australia or New Zealand, or among flowers from 
different inflorescences on the same herbarium sheet. 


Df Sum Sq Mean Sq F-value P 

Country 1 0.004 0.0044 0.033 0.857 
Specimen 28 26.653 0.9519 7.145 7.4 x 10% 
Stem 1 0.036 0.0361 0.271 0.604 
Node 6 14.903 2.4838 18.643 1.7 x 10% 
Specimen : node 78 7.551 0.0968 0.727 0.929 
Stem : node 4 0.585 0.1462 1.097 0.362 
Residuals 101 13.456 0.1332 


Table 2. Summary statistics from binary logistic regression describing the relationship between flower length and flower 
opening. There was no significant relationship, meaning flowers of any length could open or remain closed. 


Estimate Std. Error Zz value Pp 
(Intercept) 0.07144 1.28966 0.055 0.956 
Flower length -0.30495 0.29950 -1.018 0.309 
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Fig 1. Boxplots showing flower length variation for (A) country including the one specimen of D. copelandii — boxplots 
without D. copelandii had the same range and equivalent interquartile range and median; (B) specimen; (C) node number 
for all data and (D) node number for inflorescences on one herbarium sheet. 
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Fig. 2. Linear models describing the relationship between of flower length and (A) day of collection; and (B) node number 
on inflorescence where node number increases with distance from the inflorescence apex. 


Discussion 


The species circumscriptions proposed for Danhatchia australis and D. novaehollandiae predict a bi-modal 
distribution of flower lengths with peaks at c. 3 mm and c. 5 mm in samples containing representatives from 
Australia and New Zealand. Contrary to this expectation flower size was unimodal, samples from Australia 
and New Zealand exhibited the same range and inter-quartile ranges of flower size variation. Embedded within 
both Australia and New Zealand was considerable variation among individuals within both regions, such that 
individuals have significantly different and sometimes non-overlapping flower sizes (Fig. 1B). Examples are 
presented by the type specimen of D. novaehollandiae, whose flowers vary from 3.02 to 4.08 mm long, and 
another Australian specimen, from Borganna, whose flowers vary from 3.92 to 4.6 mm long. Similar inter- 
individual variation is present within New Zealand, for example AK 185189 whose flowers vary from 2.99 to 
3.25 mm long, and AK 246921 whose flowers range from 3.89 to 5.04 mm long. Dimensions quoted by Edgar 
and Moore (1970) and Jones and Clements (2018) reflect the upper and lower limits on the range of variation 
in flower size shared by populations in both New Zealand and Australia, respectively. 


Flower lengths within single inflorescences also vary in a consistent pattern. The flowers of Danhatchia increase 
in length with distance from the inflorescence apex, suggesting they get longer as they age, and continue to 
increase in length after fertilization. The linear model describing the relationship between length and node 
number returned a positive slope of 0.17, on average flower length increased by 0.17 mm from one node to 
the next. For inflorescences with five mature flowers this implies that the lowermost and oldest flower is on 
average 0.85 mm longer than the uppermost. This general trend emerges from the considerable variation in 
flower lengths at each node along the inflorescence, particularly flowers at younger nodes whose lengths are 
more variable than those at older nodes. The variation in flower lengths within inflorescences is such that for 
some specimens it is possible to assign the uppermost mature flower to D. novaehollandiae and the lowermost 
to D. australis on the basis of floral dimensions, for example AK 234325 (Fig. 1D). Flower length increase with 
age may be due to ongoing cell expansion within otherwise mature floral segments, and measurements of cell 
lengths and their correlation with inflorescence node number would establish whether this is indeed the case. 
The expansion could also be linked to fruit development. 


Petal lengths, for which lengths were cited as the defining difference separating D. australis and 
D. novaehollandiae, were not measured in this study — they are challenging to access and measure in herbarium 
material without dissecting flowers. However, a qualitative assessment suggests that open flowers on single 
Danhatchia inflorescences have the same shape regardless of position on the inflorescence, in other words the 
same proportional relationships between petal and sepal length are maintained independent of overall flower 
size, and the results presented here for flower length generalize to petal length. 


The species circumscription proposed by Jones and Clements (2018) therefore appears to overlook ontogenetic 
and inter-individual variance components that both contribute to variation in flower size, within individuals 
and within populations. These are 1) post-anthesis flowers continue to increase in size as they age; and 2) 
individuals within populations differ in their flower sizes. 
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In both Australia and New Zealand some individuals may open their flowers while others do not, a feature 
previously noted by Moore and Edgar (1970) for New Zealand plants. Within herbarium material, 20% of 
flowers on New Zealand specimens, and 40% of flowers on Australian specimens exhibited separation of 
sepals. Regardless of whether flowers open or not, seed set occurs at high frequency, more than 90% of flowers 
in Australian herbarium specimens exhibited evidence of fertilization in the form of a swollen ovary, for 
New Zealand specimens the fertilization rate was nearly 80%. Many of the fertilized flowers in New Zealand 
specimens had not opened, and there was no correlation between flower size and flower opening, as might be 
expected if there were two species that occurred in both Australia and New Zealand. 


Danhatchia flowers are evidently capable of self-fertilisation, and the pollinium is friable and readily 
disaggregates. The column structure in Danhatchia is a little unusual, being cylindric at the base, having 
two column wings, and a long narrow-triangular rostellum according to Hatch (1963) and Edgar and Moore 
(1970). However, in two specimens of New Zealand plants examined, AK 169131 and AK 253760, both 
had what appeared to be a three-lobed stigma whose margin and inner surface were translucent, hyaline, 
somewhat fleshy, and continuous around the margin of all three lobes; and whose medial outer surface was 
brown pigmented. The anther rested flush with the fleshy inner surface of all three stigma lobes, and pollen 
contacted that same surface, after anther dehiscence (Fig. 3). Pollen tubes were observed growing into contact 
with the hyaline inner surface of all three stigma lobes. It is possible that all three stigmatic lobes are fertile in 
Danhatchia, including the medial lobe, which is not then modified into a rostellum. The absence of a physical 
barrier separating pollen and stigma, in combination with the fragile pollen masses may guarantee self- 
fertilisation in the absence of any floral visitation, and indeed flower opening. 


} ’ 


Fig. 3. The column of Danhatchia australis. (A) abaxial surface showing the anther connective and anther sacs, with the 
lateral stigma lobes protruding beyond and behind the pollen sac. (B) adaxial surface showing brown column wings 
partially fused to lateral stigma lobes, between which is situated a large triangular medial stigma lobe whose margin of 
fleshy hyaline receptive surface is continuous with the lateral lobes and sits flush with the two pollen sacs. 
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Australia was hypothesized as the source of the New Zealand plants (Jones and Clements 2018), due to the 
predominating west wind drift across the Tasman Sea. While dispersal from Australia to New Zealand has 
been inferred to occur three times more frequently than dispersal from New Zealand to Australia (Sanmartin 
et al. 2007), east to west dispersal between New Zealand and Australia, in seed plants and ferns, does occur 
(Wanntorp and Wanntorp 2003; Cook and Crisp 2005; Bush et al. 2009; Lockhart et al. 2010; Perrie et al. 2010; 
Pirie et al. 2010). It is therefore not possible to resolve biogeographic areas of origin from distributions alone. 
There are many species shared across the Tasman, including the orchids Cryptostylis subulata, Pterostylis 
alveata, and P. tasmanica, seed plants such as Gaultheria depressa and Myosotis australis, many ferns, and 
just under half of the liverwort flora of New Zealand (Engel and Glenny 2008). Some of these species have 
dispersed from Australia, others from New Zealand (Perrie et al. 2010). Some species may remain in limited 
genetic contact despite the distance of open ocean separating populations, as suggested by the occurrence of 
multiple trans-Tasman dispersals in some orchids such as Pterostylis nutans a species which, due the absence 
of a pollinator, is vagrant in New Zealand but has colonized at least three times in the last Century. As such, 
trans-Tasman disjunctions in the distributions of single species, including orchids, are not unknown. 


In summary, neither the biogeographic context, pollination system, nor morphological evidence support 
the distinction between Danhatchia australis and D. novaehollandiae. Rather, the evidence is consistent 
with the existence of a single species distributed on both sides of the Tasman Sea, and the synonymisation 
of D. novaehollandiae with D. australis is formalized below. The relationship between D. australis and 
D. copelandii, however, requires further scrutiny, the latter was predicated in part on separate species status 
for D. novaehollandiae, from which D. copelandii differed by its larger flowers that open, in combination with 
differences in flower colour. Flower sizes for D. copelandii fall within the range exhibited by D. australis, and 
some individuals in New Zealand also bear yellow pigmentation on the labellum of open flowers, meaning 
both the status and circumscription of D. copelandii require further investigation on combined molecular and 
morphological data appropriate to tests of species circumscription. 


Taxonomic Treatment 


Danhatchia australis (Hatch) Garay & Christenson, The Orchadian 11(10): 470 (1995) 
Basionym: Yoania australis Hatch, Transactions of the Royal Society of New Zealand. Botany 2(14): 185 (1963). 


Type: New Zealand, North Island, Rodney County, (Kaipara), Glorit, 150 m, 24 Dec 1962, R.E. Beever & J.E. 
Beever (holotype: AK 108769!) 


=Danhatchia novaehollandiae D.L.Jones & M.A.Clem., Australian Orchid Review 83(4): 56 (2018) syn. nov. 


Type: Australia, New South Wales, Southern Tablelands, Morton National Park, Bundanoon Creek Walking 
Track, 11 Dec 2016, S. Okada ORG 7641 (holotype: CANB 907493.1! and CANB 907493.2 material in spirit is 
a second part of the holotype). 


Specimens examined: NEW ZEALAND: North Island: Coromandel Ecological Region, Colville Ecological 
District, forest above Taiharuru Bay, 10 Jan 1982, K. Rabarts, J C. Smith-Dodsworth (AK 156545); Coromandel 
Ecological Region, Great Barrier Island Ecological District, northern Great Barrier Island, Rangiwhakaea Bay, 
stream flowing into Burrill’s Bay, 4 Jan 1983, A.E. Wright 5426 (AK 160936); Coromandel Ecological Region, 
Great Barrier Island Ecological District, northern Great Barrier Island, Rangiwhakaea Bay, near mouth of 
Kokako Bay Stream, 4 Jan 1983, A.E. Wright 5433 (AK 160943); Coromandel Ecological Region, Great Barrier 
Ecological District, northern Great Barrier Island: on true left bank of stream running into bay south of Miner's 
Head, 7 Jan 1983, A.E. Wright 5488, (AK 160998); Coromandel Ecological Region, Great Barrier Ecological 
District, northern Great Barrier Island : in head of “hanging valley’ above coast between Paradise and Deep 
Bays, 8 Jan 1983, A.E. Wright 5507 (AK 161016); Auckland Ecological Region, Manukau Ecological District, 
Papakura, Kirks Bush, 21 Jan 1967, J. Horsman (AK 163375); Auckland, Waitakere Ranges, Karekare: Lone Kauri 
Road, 31 Dec 1973, VP. Hatch (AK 163376); Kaipara, Glorit, Atuanui State Forest (Mount Auckland), 31 Dec 
1980, J. Beever s.n. (AK169129); Kaipara, Glorit, Atuanui State Forest (Mount Auckland), 31 Dec 1980, J. Beever 
s.n. (AK169130); Auckland Ecological Region, Rodney Ecological District, Glorit, 5 Jan 1964, E.D. Hatch s.n. 
(AK 169131); Auckland Ecological Region, Rodney Ecological District, Wayby : junction of Waitaraire Stream 
and Hoteo River, 12 Jan 1985, M.E. Young s.n. (AK 172969); Auckland Ecological Region, Rodney Ecological 
District, Kaipara Flats, 5 Jan 1986, M.E. Young s.n. (AK 172970); Great Barrier Island, northern block, major 
catchment draining into Miner's Cove, 4 Jan 1989, A.E. Wright 8547 (AK 184236); banks of Waipoua River, 
28 Jan 1955, E. Kulka s.n. (AK 185189); Eastern Northland Ecological Region, Taranga Ecological District, 
Mokohinau Islands, Motukino (Fanal) Islands, Pahuhunui, 7 Dec 1997, PJ. de Lange 3386 & D.A. Norton (AK 
234325); Auckland Ecological Region, Awhitu Ecological District, Awhitu Peninsula, Matakawau, Hamiltons 
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Bush QEII Covenant, 22 Dec 1999, PJ. de Lange 4052 (AK 246920); Auckland Ecological Region, Rodney 
Ecological District, Warkworth (Pohuehue), Cowan Bay Road, McElroys Reserve, 21 Dec 1999, PJ. de Lange 
4048 & M.E. Young (AK 246921); Auckland Ecological Region, Awhitu Ecological District, Matakawau, 
off main Awhitu Road, Hamilton's property, QEII Trust, 20m off road, on spur and to north, 26 Dec 2000, 
PA. Aspin s.n. (AK 253760); outer Hauraki Gulf, N E Great Barrier Island, Rangiwhakaea Bay, Burrells Bay, 
3 Jan 1983, E.K. Cameron 2071la e& A.B. Grace (AK 271448); outer Hauraki Gulf, N E Great Barrier Island, 
Rangiwhakaea Bay, near Burrells Stream, 4 Jan 1983, E.K. Cameron 2071b (AK271449); Auckland Ecological 
Region, Inner Gulf Islands Ecological District, Waiheke Island, behind Opopo Bay, Dec 2002, H.A. Cox & C.D. 
Kilgour s.n. (AK 280127); Auckland Ecological Region, Rodney Ecological District, Leigh, Mt. Tamahunga, 
29 Dec 2001, M.E. Young s.n. (AK 281848); Little Barrier Island, Waipawa Stream, 10 Nov 2001, PJ. de Lange 
5433 (AK 286236); Auckland Ecological Region, Rodney Ecological District, south of Warkworth near SH1, 
Woodlands Estate, 26 Jan 2009, M.E. Young (AK304823); Glorit, Mt Auckland Reserve, Jan 1963, R.E. Beever 
s.n. (AK 369646); Great Barrier Island, Miners Cove, 2 Jan 1988, R.E. Beever 890 02 (AK 369689). AUSTRALIA: 
New South Wales: Lamington National Park; O'Reilleys [Resort], Morans Valley, 12 Dec 2018, D. Fowler s.n. 
(CANB 909801); Borganna Nature Reserve, Walking track to Rawson Falls, 15 Dec 2010, RH. Weston 3405 
(NSW 870437); without locality or date Riley s.n. (CANB). 


Also examined: Danhatchia copelandii D.L.Jones & M.A.Clem.: AUSTRALIA: New South Wales: Coffs 
Harbour, “Delachco Farm, private property 300 m N of Cassidys Road, c. 2.5 km due NW of Bonville Post 
Office, 29 Oct 2018, L.M. Copeland 4550 (CANB 906265). 
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Abstract 


Thottea tapanuliensis Mustaqim (Aristolochiaceae) is described here based on a plant collected from the 
west coast of northern Sumatra. This species is only known from the type collection and its threat ranking 
is assessed here as Critically Endangered. Morphological descriptions, photographs, a distribution map, and 
discussions are provided, as is a key to all Thottea species in Sumatra. 


Keywords: cauliflorous, endemic, taxonomy, Thottea, West Malesia 


Introduction 


Thottea Rottb. (Aristolochiaceae) is a genus of about 45 species found in southern Asia, extending from China 
to the east as far as Central Malesia. In Malesia, this genus is found in Sumatra, Peninsular Malaysia, Java 
(western), Borneo, Philippines, and Sulawesi (Hou 1984; Yao 2013). The monophyly of Thottea has been 
confirmed by a molecular phylogenetic study using three chloroplast genes (trnK, matK, psbA) (Oelschlagel 
et al. 2011). In Malesia, the publication of the Thottea treatment in the Flora Malesiana (Hou 1984) was the 
first account published for the region and is still the most comprehensive. Later, a new combination was made 
by Mabberley (1999). More recently, regional studies have been published by Yao (2013, 2015) who described 
nine species new to science from Peninsular Malaysia and Singapore. This suggests that it is highly likely that 
many more species new to science await discovery in the Malesian phytogeographical region, especially in 
Sumatra, which is the most under-sampled area in the region (Middleton et al. 2019). Botanical explorations 
in under-explored areas often discover species new to science as has occurred in the neighbouring Peninsular 
Malaysia region (Yao 2013). 


We collected a set of specimens belonging to the genus Thottea during recent botanical explorations on the 
west coast of Northern Sumatra. Among these was one collection morphologically similar to Thottea papilionis 
T.L. Yao from Peninsular Malaysia, but differing from that species in a range of morphological characters (Hou 
1981, 1984; Mabberley 1999; Yao 2013, 2015). We concluded that this recently collected specimen belongs 
to a taxon new to science, and we formally described it here. This current discovery increases the number of 
Thottea in Sumatra from nine (Hou 1984) to ten species. 


© 2020 Royal Botanic Gardens and Domain Trust 
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Material and Methods 


The explorations were carried out in two forest fragments in Tapanuli Selatan regency, named Muara Upu 
(143 ha) that consists of lowland swamp and riverine forest, and at Simulak Anjing Hill (73 ha) that consists 
of mixed dipterocarp forests marked by the abundant number of Dryobalanops sumatrensis and Dipterocarpus 
caudatus subsp. penangianus. The specimen was collected during an extensive one week survey of Simulak 
Anjing Hill. Only two plants of the species were observed, and collections were made from one plant only. 
For comparison, digital type material and other herbaria specimens of Thottea housed in ANDA, K, and L 
(acronyms follow Thiers 2020) were examined as well as the type images at JSTOR Global Plants (https:// 
plants.jstor.org). Relevant literature was consulted (Hou 1981, 1984; Mabberley 1999; Yao 2013, 2015). 


Taxonomic treatment 


Thottea tapanuliensis Mustaqim, sp. nov. 


Type: INDONESIA: Sumatra: Sumatra Utara Province, Tapanuli Selatan Regency, Batang Toru Subdistrict, 
Simulak Anjing Hill, 1.38903°N, 98.86979°E, 70 m, 12 Jan 2020, Mustaqim 2322 & Putra (holo: BO; iso: FIPIA). 


Diagnosis: Similar to Thottea papilionis T.L. Yao but differs by having fewer foliage leaves per stem (up to 9 versus. 
(8—)12-19), acutely acuminate leaf apex (versus obtusely acuminate, though sometimes acute), shorter peduncle 
(up to 3.5 cm long versus 7.5-9 cm long), shorter floral bracts (3-3.5 mm long versus 6-7 mm), shorter pedicel 
including ovary (6 mm versus 10-12 mm long), smaller perianth (8.5 x 10 mm versus 13-16 x 13-20 mm) with 
glabrous inner surfaces (versus pubescent), fewer stamens (13 versus 20-24; 6 upper and 9 lower whorl versus 
7-9 upper and 13-15 lower whorl), and shorter anthers (0.5-0.7 versus 1.2 mm long). Thottea tapanuliensis 
is also similar to Thottea celebica Ding Hou but differs in having smaller leaves (15-20 x 4.5-6.5 cm versus 
22.5-32 x 6.5-9 cm) with a longer petiole (7-11 mm versus 5 mm long), shorter pedicels and ovary together 
(6 mm versus c. 12.5 mm long), smaller perianth (8.5 x 12 mm versus 25 x 30 mm across), the glabrous inner 
side of the perianth (versus glandular-hairy), broadly triangular perianth lobes that are 3 x 7 mm (versus 
suborbicular and 10 x 15 mm), stamens with upper whorls 6 (versus 10-12) while the lower whorl 9 (versus 
12-15), shorter anthers (0.5-0.7 mm versus 1-1.7 mm long), and fewer style lobes (4 versus 12). 


Etymology: This species is named after Tapanuli, the region in which it was collected. 


Erect, subshrub, 80 cm in height. Stems arising from rhizome, simple, terete, leafy part terete, longitudinally 
ribbed when dry, 0.7 cm across at the base, ascending, non-leafy part quite straight, leafy part flexuous; densely 
short pubescent, most hairs persistent. Leaves: foliage leaves up to 9 per stem, subcoriaceous, lanceolate, the 
upper leaves subobovate, the second and other upper leaves slightly asymmetric, 15-20 x 4.5-6.5 cm, 3.2-4.7 
times as long as wide, first foliage leaves smaller, narrowly elliptic-lanceolate, 10.5-15.9 x 2.8-3.4 cm, base 
rounded, obtuse, or broadly cuneate, margin narrowly incurved, apex acutely acuminate, acumen rarely 
rather short, or subacute; glabrous above, pubescent beneath at nerves, otherwise glabrous or nearly so; basal 
nerves 2, inner pairs arising at 1.5-3.5 mm distance from the base, ascending to 1/3-1/2 of the leaf blade, 
lower ones rather weaker, close to the margin, extending to 1/3-1/2 of the length of the blade, pinnate nerves 
7-9, veins transverse and loosely reticulate, nerves and veins raised and prominent beneath, rather obscure 
above; petiole 7-11 mm long, densely pubescent especially in the younger leaves. Inflorescence at the basal part 
of the stem, near the ground, 1 or 3 in the axil of reduced leaves, up to 6.75 cm long, peduncle up to 3.5 cm 
long, spiciform, moderately pubescent; bracts usually persistent after anthesis, sublanceolate, 3-3.5 mm long, 
densely pubescent. Pedicels, including ovary, 6 mm long, moderately hairy. Perianth cupular, 8.5 mm long in 
total, limb 10 mm wide, base sub truncate, tube 5.5 mm long, shallowly lobed, outside with several prominent 
longitudinal veins, obscure inside, pubescent outside, glabrous inside; lobes broadly triangular, 3 x 7 mm, apex 
apiculate. Stamens in 2 whorls; upper whorl 6, lower whorl 9, filament glabrous, anthers oblong, 0.5-7 mm 
long. Style column c. 1.25 mm long, lobes 4, c. 1.4 mm long, glabrous. Capsule and seed unknown. Fig. 1. 


Distribution: Sumatra: Endemic to the Northern Region (Batang Toru watershed area), where known only 
from the type locality (Fig. 2). 


Ecology: Growing on slopes in a hilly area clothed by mixed dipterocarp forest dominated by Dryobalanops 
sumatrensis or kapur tree, on shaded forest floor at c. 80 m asl. Found in flower in January. 


New Thottea from Sumatra, Indonesia Telopea 23: 163-168, 2020 165 


. 
. 
* s , 
. 
. . > 
° ’ 
. e " 
- 
= . 
. 
. 
. 
> 
. 
. 


Fig. 1. Morphology of Thottea tapanuliensis. A, living plant; B, upper leaf surface; C, lower leaf surface; D, inflorescence 
near the ground; E, position of inflorescence on cut stem; F, close-up of the flowers (not fully blooming); G, stamens and 
style (from herbarium specimen). Scale bars: A = 10 cm; B & C= 1 cm; D=5 mm; E = 2 cm; F=5 mm; G = 0.5 mm. 
Photographs and illustration by W.A. Mustaqim. 
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Preliminary conservation status assessment: During our field explorations we surveyed around 73 ha of forest 
in Simulak Anjing Hill, Batang Toru area. We only found two plants growing close together. Using standard 
2 x 2 grid from the IUCN Red List, this species has an area of occupancy (AOO) of 4 km’, a value that falls 
within the Critically Endangered category. The habitat of this species is currently threatened by the presence 
of palm oil plantations. Habitat conversions are likely to occur since the plants were collected from the edge of 
the forests near the border to palm oil plantation, and the habitat of this species is not under protection from 
the Indonesian government. Using categories and criteria in IUCN (2012) and guideline (IUCN Standards 
and Petitions Committee 2019), this species is assigned as Critically Endangered (CR) since only known from 
a single and threatened location. 


Note: In Sumatra, this species is morphologically similar to Thottea reniloba Ding Hou in having the stamens 
arranged in 2-whorls, perianth base not distinctly cordate, abaxial sides of the leaves not entirely covered by hairs, 
the lobed perianth, and cupular perianth tube. For differences between T. tapanuliensis, T. papilionis, and T. celebica 
see Table 1. _ 
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Fig. 2. Geographic distribution of Thottea tapanuliensis (=). 
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Table 1. Comparison of T. tapanuliensis, T. papilionis and T. celebica 


Characters 


T. tapanuliensis 


T. papilionis* 


T. celebica** 


Number of foliage leaves up to 9 (8—) 12-19 n/a 

Lamina length 15-20 cm 16-18 cm long 22.5-32 cm 

Leat apex acutely acuminate, sometimes obtusely acuminate, sometimes acutely acuminate 
Subacute acute 

Lateral pinnate nerves pairs 7-9 pairs 5-/ pairs c. 10 pairs 

Peduncle length up to 3.5 cm long 7.5-9 cm long c. 3.4cm long 

Floral bracts length 3-3.5 mm 6-7 mm 4-8 mm long 

Pedicel length, including ovary 6mm long 10-12 mm long c. 12.5 mm long 

Perianth size 8.5 x 10mm 13-16 x 13-20 mm c.25x 30mm 

Hairs on the inner surtace of absent pubescent glandular hairy 

the perianth 

Stamens total 13 20-24 22-27 

Upper row of stamens 6 7-9 10-12 

Lower row of stamens 9 13-15 12-15 

Anthers length 0.5-0.7 mm 1.2 mm long 1-1.7 mm long 

Style lobes 4 4-6 12 


Notes: * mostly adopted trom Yao (2013, 2015), ** mostly adopted trom Sleumer (1984) and also interred from the drawing available 
In that account. 


A key to species of Thottea in Sumatra (modified from Hou 1984). 


La. sStarvyens Arvanroe di Te DAW NOLIS- 42 .:.davercelarstertpauerassortsdutslatensslereshannsesg sxanstaussaan sad ued anaduabetedeteal ate rafermettenitesd cedatetaten 2 
Ib. Standen arramamed tir Wwe sy. ce ccchecche theists olla d toledo euteakt att etrusheuticndatventeed send va tba teeneleneeeheeelapit dled glares 7 
2a. ‘The lateral view of flowers showing perianth base distinctly cordate .......ceeeeeeseeseeneeeeeeee: T. straatmanii 
2b. ‘The lateral view of flowers showing perianth base obtuse, rounded, or sub truncate oe eeeeeeeeeeee: 3 
3a. Lower surfaces of the leaves hidden by dense hairs ......... ee essssssssrseecceccecescseceecseesersenesneseenees T. borneensis 
3b. Lower surfaces of the leaves, at least in part, not covered by hairs 0... esssetsereeeceteeceecceceecceesenseeeeeeeeeees 4 
Aa. CPST OG CUPEIVIO DEE 504 a0 moe estheveteuyteeptecdr stares tustten teed blah atse Bane hevitcnaeact ees’ cole aalddeyeieee estnPey eer ara eter T. beccarii 
4b:. Perianth-distinctly lobed; Civided Waliway OF GeEP!T un iceadesessosyestredevetynesuswetextoupneprcesacenaatonseonsnanannnencnegeargerved’ 5 
Dede. MPOV TALI CUS CV CECA Bas FaceaveneenershenebevatedacedenaensisenaceauetensGenylapaantianetenmartmnetctevededavce yee tthenehewatosnst T. rhizantha 
Sb; -Periarith: tube either-absent; cuprilarsor-Canipaniulate oc icostoosdscasecaxscegesasssasepireriadeadesngen get aug auch etubeieet 6 


6a. Inflorescence arising from the apical part of the stem, from the axil of well-developed leaves; 
inner basal pair of the lateral nerves originating from the base .0........ ce ceeesesseeseeeceeceeeeeeeeeeeeeenees T: reniloba 


6b. Inflorescence arising from near the ground level or basal part of the stem, subtended 
by reduced leaves; inner basal pair of the lateral nerves not from the base, sometimes 
A PORN NITID PEORIA T os cccsceay acute sucyuticye leet ecucane cans suzasisas yaucaeatanauusdetie lb bites sevetsandvscapaesiysacpcyallectiesd bens txt T. tapanuliensis 


7a. Flowers arranged in a corymbose or paniculate inflorescence; inner pair of basal 
lateral nerves-of the leaves extending t6:the Apex ia enaanaancreecistnttarace. T. piperiformis 


7b. Flowers arranged in spikes or racemes; inner pair of basal lateral nerves reaching 
the haltlenoth.otine: leat Winiitia, PATELY TNO. .ncecvesnndeserecersseneseszarecsonasaaazaseaen eens vien eset pinasravenstsnerys paeseeateassin 8 


8a. Inflorescence from the stem base; foliage leaves (1—) 2-3 (—5) per stem; 
lower surfaces tomentose OF ViLLOUS ..............cccccccsssssssssssscscsecccccccccccccccccccesssesesseccceccececcccccccccceeeeess T. tomentosa 


8b. Inflorescence from the upper part of the stem; foliage leaves many per stem; 
lower Surfaces puberulous tO PUbesc@nt ccccnsssaucsneasnansasnssnsasnsacasenaseeianegzesaztiachiSeaiSeacesauesasedvnenvnenvtemanmannlaeneeiid 9 


9a. The apex of the perianth lobes acute or acuminate; lobes ovate to lanceolate; stamens 6 ..... T! sumatrana 


9b. The apex of the perianth lobes emarginate; lobes broadly rounded; stamens 9-12 ............... T: macrantha 
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Abstract 


Pycnolejeunea glauca, originally described by Stephani based on a collection in New Zealand by William 
Colenso, was placed by Grolle into the synonymy of the paleotropical species Cheilolejeunea intertexta with 
a type from Micronesia. In this study, we generated DNA sequences from a recently-collected sample of 
P. glauca and compared them with published sequences of C. intertexta from China. Pycnolejeunea glauca was 
recovered in the phylogenetic analyses as sister to C. nipponica, whereas C. intertexta grouped in another clade 
with C. vittata and C. streimannii. The analysis justifies the reinstatement of P glauca as the new combination 
Cheilolejeunea glauca, a New Zealand endemic. Descriptions and illustrations are provided of key features of 
this species together with data on its position in the phylogeny of the genus. 


Key Words: Liverwort, New Zealand, endemic, synonymy, phylogeny. 


Introduction 


Pycnolejeunea glauca Steph. was described and illustrated by Stephani (1892) based on a sample collected in 
New Zealand by William Colenso. Unfortunately the genus Pycnolejeunea was not validly published until the 
following year, so the species was invalid at first publication (Soderstrom et al. 2015), and until it was validly 
published in the fourth volume of Stephanis Species Hepaticarum (Stephani 1914). Grolle (1979) placed it in 
the synonymy of Cheilolejeunea intertexta (Lindenb.) Steph. with a type from Micronesia. Two observations 
suggested that this synonymy warranted investigation. An interrogation of the Australasian Virtual Herbarium 
(24 February 2017 and 23 August 2019), showed that in Australia C. intertexta is limited to tropical or subtropical 
Queensland with one record immediately south of the border in New South Wales, while records from New 
Zealand are all from temperate locations, in the North Island and from Stewart Island in the far south. Endemism 
in the New Zealand hepatics flora is about 50% (Engel and Glenny 2008) and almost all the non-endemic flora, 
284 species of about 600, are shared with Australia. Given this close relationship between the New Zealand and 
Australian hepatic floras, the presence of a New Zealand temperate distribution for C. intertexta, together with 
its presence in tropical Australia but absence from temperate Australia was anomalous. It was also noted that the 
P. glauca orbicular underleaves, which are up to four times the stem width, are about twice the width of those 
cited for C. intertexta in the key to Cheilolejeunea in Australia (Thiers 1997). 


© 2020 Royal Botanic Gardens and Domain Trust 


170 Telopea 23: 169-179, 2020 Beveridge, Glenny and Shepherd 


Molecular tools provide a means to test the synonymy of C. intertexta and P. glauca but a lack of fresh material 
has prevented this analysis to date. Despite considerable recent interest and research into the New Zealand 
hepatic flora, of the fifteen specimens in New Zealand herbaria, most gatherings of P glauca were made in 
1960 and the first more recent collection was made in 2003. Following unsuccessful attempts to relocate it in 
Otari-Wiltons Bush from which there are historical records, the recent finding of a P. glauca sample in Tararua 
Ecological District has provided fresh material for both DNA sequencing and for a description of the species. 


Materials and Methods 


Genomic DNA was extracted from a fresh sample Pycnolejeunea glauca using a modified-CTAB DNA 
extraction method (steps 1, 3-7 from Table 1 in Shepherd and McLay, 2011). Two chloroplast loci and one 
nuclear locus were PCR amplified and sequenced. The chloroplast trnL (UAA) 5 ‘exon - trnF (GAA) intergenic 
spacer (trnLF) was amplified using the C and F primers of Taberlet et al. (1991) and the transfer RNA°” (UCC) 
(trnG) was amplified with Pacak and Szweykowska-Kulinskas (2000) trnGF and trnGR primers. The nuclear 
ribosomal internal transcribed spacer 1 and 2 including the 5.8S ribosomal subunit (ITS) was amplified using 
the primers of Hartmann et al. (2006). 


PCR amplifications were performed in 12 ul reactions with 1x Mytaq reagent buffer (Bioline, Australia), 
5 pmol of each primer and 1 M betaine. PCR thermocycling was performed with the protocol of Ye et al. 
(2015) for ITS and the ‘slow and cold’ program of Shaw et al. (2005) for the two chloroplast loci. PCR products 
were purified with digestion at 37°C for 15 minutes using 0.5 U shrimp alkaline phosphatase (SAP, USB Corp.) 
and 2.5 U exonuclease I (Exol, USB Corp.), followed by inactivation of the enzymes at 80°C for 15 minutes. 
Sequencing was performed with the ABI Prism Big Dye Terminator cycle sequencing kit version 3.1 on an 
ABI 3730 DNA sequencer (Macrogen, Seoul, Republic of Korea) and sequences were edited in Sequencer 5.2.3 
(Gene Codes Corporation). 


The molecular study of the phylogeny of Cheilolejeunea (Ye et al., 2015) provided a phylogenetic framework 
for establishing relationships of this species within Cheilolejeunea. The newly-generated Pycnolejeunea glauca 
sequences were aligned to the published sequences to create two alignments: dataset 1 included Cheilolejeunea 
intertexta and its close relatives, dataset 2 included sequenced New Zealand Cheilolejeunea sequences (Table 1). 
Alignments were performed with MAFFT 6.849 (Katoh and Toh, 2008), at the EMBL-EBI online server, with 
default settings. Regions of low homology at each locus were detected and removed using Gblocks (Talavera 
and Castresana, 2007), with the least restrictive settings. 


Maximum likelihood (ML) analyses were performed on the individual and combined datasets with the 
PhyML v3.0 web server (http://www.atgc-montpellier.fr/phyml/; Guindon et al., 2010), with the best-fit model 
of sequence evolution determined with Smart Model Selection (Lefort et al., 2017). Heuristic searches were 
performed with 10 random addition sequence replicates and SPR branch-swapping and branch support was 
assessed with 1000 bootstrap pseudoreplicates. 


Mr Bayes v3.2.1 (Huelsenbeck and Ronquist, 2001) was used to perform Bayesian analyses (BA). Two concurrent 
analyses, each with four Markov chains of fifty million generations and sampling every 1000 generations, 
were run. For the combined dataset each locus was assigned as a separate partition and rates allowed to vary 
across partitions. The first 20% of samples were discarded as burn-in, after this point the standard deviation 
of split frequencies was below 0.01 and visual inspection of trace files with Tracer v.1.7.1 (Rambaut et al. 2018) 
confirmed that stationarity had been reached. The position of the root of the phylogenies was based on Ye 
et als (2015) phylogeny. 


Observations and measurements of gross structures were made using an Olympus TLE stereo microscope with 
ocular micrometer. Aqueous mounts were made for observation of oil-bodies, and for observation of other 
vegetative and gametangial structures and for hand-cut stem sections, with methylene blue added for contrast 
enhancement where appropriate. Observations were made using an Olympus CH compound microscope with 
ocular micrometer. Microscope images were captured with a Canon A630 digital camera, edited using Mac 
Photos software and printed as tracing table masters. Scanning Electron Microscope (SEM) photographs were 
taken with a Hitachi TM3030Plus desktop SEM. Specimens were sputter-coated with gold before examination. 
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Table 1 Specimens used for phylogenetic analysis in this study, including herbarium voucher information and GenBank 
accession numbers. 


Voucher Dataset GenBank accession numbers 


Cheilolejeunea albovirens | CHR 6238196 MN308478 | MN308473 | MN316699 


Cheilolejeunea aneogyna A. Schater-Verwimp 97517 (Herb. Schater- 1 KT190891 
Verwimp) 


Cheilolejeunea auritera |, Holz CROO-0812 (GOET 2 KT190825 | KT190883 | KT190949 
Cheilolejeunea beyrichil B. Allen 17393 (GOET) DQ987387 DQ987271 


Cheilolejeunea CHR 638557 2 MN308477 | MN308472 | MN316698 
campbelliensis 


; ) 
1 
Cheilolejeunea ceylanica 
Cheilolejeunea clausa 
Cheilolejeunea clypeata 
Cheilolejeunea comitans 
Cheilolejeunea cordigera 1 
Cheilolejeunea glauca 1,2 
Chisekejetined fiers 


Cheilolejeunea intlexa A. Schafer-Verwimp & |. Verwimp 22575 (GOET) | 1 


Cheilolejeunea insecta A. Schater-Verwimp & |. Verwimp 13447/A 1 
(Herb. Schater-Verwimp) 


Cheilolejeunea intertexta R.L. Zhu et al. 20050908-20 (HSNU) 1,2 
Cheilolejeunea R.L. Zhu 20070319-7 (HSNU) vi 
krakakammae 

Cheilolejeunea laevicalyx S.R. Gradstein 10104 (GOET) 


Cheilolefeunea mimosa A. Schafer-Verwimp & I. Verwimp 13664 (GOET) 


Cheilolejeunea morganil WELT HO14085 
Cheilolejeunea nipponica J, Wang et al. 20090801-5 (HSNU 


KT190852 | KIT190914 
KT190874 | KT190940 
KT190863 | KT190928 
MK294018 | MK294016 
KT190910 
MT777620 
KT190946 
KT190906 


KT190902 


KT190819 
KT190807 
MK294020 
KT190794 
M1779803 
KT190822 
KT190790 
KT190786 


MT779802 
KT190880 
KT190847 
KT190843 


KT190792 
KT190814 


KT190849 
KT190869 


KT190908 
KT190935 


KT190820 
KT190821 


KT190875 | KI190941 
KT190877 | KT190943 
MG970148 | MG9/0145 
KT190850 | KT190909 
KT190810 | KT190866 | KT190931 
KT190802 | KT190858 | KT190923 
MN308476 | MN308471 | MN316697 
KT190791 KT190848 | KI190907 
KT190920 
KT190921 
KT190938 
KT190917 


KT190793 


) 
Cheilolejeunea rodney! WELT HO14291 

Cheilolejeunea ryukyuensis |W. Ye & ¥.M. Wei 20090715-4 (HSNU) 
Cheilolejeunea streimannii | H. Schneider V-2011-H-25-C (HSNU) 1 
Cheilolejeunea subopaca J, Wang & T. Peng 20111018-48 (HSNU) 1 


Cheilolejeunea trifaria A. Schafer-Verwimp & I. Verwimp 22434 (GOET) | 2 
Cheilolejeunea vittata R.L. Zhu et al. 20050907-32 (HSNU) EZ 


Cheilolejeunea osumiensis | R.L. ZAU 20090220-25B (HSNU) 
Cheilolejeunea roccatil E. Fischer X-RWA-1120 (Herb. Schater-Verwimp) 
3 ( 


les 
| 
1 


KT19081 7 
KT190798 


KT190872 
KT190855 


Results 


There were 127 substitutions and 29 indel events distinguishing Pycnolejeunea glauca from C. intertexta across 
the three loci (ITS: 100 substitutions and 18 indels, trnL-F: 8 substitutions and 4 indels, trnG: 19 substitutions 
and 7 indels). 


The alignment of all loci for dataset 1, with ambiguously aligned nucleotide positions removed with Gblocks, 
was 2419 base pairs (bp). The maximum likelihood (ML) and Bayesian analyses (BA) of the combined datatset 
of all three loci (Fig. 1) plus the individual trnG and ITS datasets all recovered Pycnolejeunea glauca and 
Cheilolejeunea nipponica as sister taxa, with strong support (95% BS ML, 1.00 PP for the combined analysis, 98 
BS ML, 1.00 PP for the trnG locus, 93 BS ML, 1.00 PP for the ITS locus). Cheilolejeunea cordigera was recovered 
as sister to P glauca and C. nipponica (88% BS ML, 1.00 PP for the combined analysis and 97 BS ML, 1.00 PP 
for the ITS locus. trnG sequence was not available for C. cordigera). In the combined analysis C. intertexta was 
sister to C. vittata and C. streimanti (87 BS ML, 1.00 PP). For the trnL-F locus P. glauca grouped in a clade with 
C. nipponica, C. ryukyuensis, C. cordigera, C. vittata, and C. intertexta but the relationships between these taxa 
were not resolved. 
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Cheilolejeunea insecta A. Schafer-Verwimp & |. Verwimp 13447/A (Herb. Schafer-Verwimp) 


Cheilolejeunea subopaca J. Wang & T. Peng 20111018-48 (HSNU) 


Cheilolejeunea aneogyna A. Schafer-Verwimp 9751 (Herb.Schafer-Verwimp) 


Cheilolejeunea beyrichii B. Allen 17393 (GOET) 


Cheilolejeunea inflexa A. Schafer-Verwimp & I. Verwimp 22575 (GOET) 


Cheilolejeunea intertexta R.L. Zhu et al. 20050908-20 (HSNU) 


87/1.00 
100/1.00 
> Cheilolejeunea vittata R.L. Zhu et al. 20050907-32 (HSNU) 
84/0.99 — Cheilolejeunea streimannii H. Schneider V-201 1-H-25-C (HSNU) 
Cheilolejeunea cordigera T. Pocs & A. Szab6 9878/FH (EGR) 
88/1.00 


100/1.00 


Cheilolejeunea nipponica J. Wang et al. 20090801-5 (HSNU) 
p> 95/1.00 


Cheilolejeunea glauca WELT H014290 


Cheilolejeunea ryukyuensis W. Ye & Y.M. Wei 20090715-4 (HSNU) 


Cheilolejeunea osumiensis R.L. Zhu 20090220-25B (HSNU) 


0.02 


Fig 1. Bayesian phylogram illustrating the relative positions within Cheilolejeunea of C. glauca, C. nipponica and 
C. intertexta. The position of the root is inferred from Ye et al. (2015). 


The alignment of all loci for dataset 2, with ambiguously aligned nucleotide positions removed, was 2357 bp in 


length. Pycnolejeunea glauca was recovered as sister to C. nipponica (100% BS ML, 1.00 PP) and was not closely 
related to any of the New Zealand species (Fig. 2). 


Discussion and Conclusions 


The results of the analyses justify the reinstatement of Pycnolejeunea glauca from the synonymy of 
Cheilolejeunea intertexta and confirm its position within the present broad concept of the genus Cheilolejeunea. 
It is accordingly designated as the new combination Cheilolejeunea glauca (Steph.) Bever. et Glenny comb. nov. 
The only available description of Cheilolejeunea glauca as Pycnolejeunea glauca is that of Stephani (1914), 
SO we provide a re-description of the species below, based mainly on the following specimen: New Zealand, 
Tararua Ecological Region, Tararua Ecological District, Remutaka Forest Park, Graces Stream, 41° 20.62'S 174° 
56.00’ E, 23 Sep 2018, elevation 60 m, in mixed broadleaf forest with dominants Nothofagus truncata Colenso 
and N. solandri Hook.f, epiphytic on Melicytus ramiforus J.R.Forst. & G.Forst. growing on a stream bank, 
P. Beveridge QJ-2 (WELT H014290!). 
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100/100 Cheilolejeunea mimosa A. Schafer-Verwimp & I. Verwimp 13664 (GOET) 


99/1.00 Cheilolejeunea comitans WELT H014163 


10.99 Cheilolejeunea laevicalyx S.R. Gradstein 10104 (GOET) 


Cheilolejeunea krakakammae R.L. Zhu 20070319-7 (HSNU) 
100/1.00 


400/1.00 Cheilolejeunea clausa N.D. Santos et al. 400A (RB) 


Cheilolejeunea trifaria A. Schafer-Verwimp & |. Verwimp 22434 (GOET) 
1000 aa Cheilolejeunea aurifera |. Holz CROO-0812 (GOET) 


qd Cheilolejeunea filiformis S. Churchill et al. 23653 (GOET) 
Cheilolejeunea clypeata B. Shaw 4714 (DUKE) 


Cheilolejeunea roccatii E. Fischer X-RWA-1 120 (Herb. Schafer-Verwimp) 


100/1.00 Cheilolejeunea rodneyi WELT H014291 
Cheilolejeunea morganii WELT H014185 
ne Cheilolejeunea campbelliensis CHR 638557 
100/1 oof Cheilolejeunea albovirens CHR 6238196 


Cheilolejeunea vittata R.L. Zhu et al. 20050907-32 (HSNU) 


100/1.00 
Cheilolejeunea ceylanica R.L. Zhu et al. 20050901-6 (HSNU) 
100/1.00 
Cheilolejeunea intertexta R.L. Zhu et al. 20050908-20 (HSNU) 
4100/1.00 Cheilolejeunea glauca WELT H014290 
0.02 Cheilolejeunea nipponica J. Wang et al. 20090801-5 (HSNU) 


Fig 2. Bayesian phylogram illustrating relative positions within Cheilolejeunea of C. glauca and selected other sequenced 
NZ species of the genus. The position of the root is inferred from Ye et al. (2015). New Zealand-based collections are 
the source of the sequences for the following species: Cheilolejeunea mimosa (GOET), C. albovirens, C. campbelliensis, 
C. comitans, C. glauca, C. morganii, C. rodneyi with CHR or WELT numbers. In addition, C. ceylanica and C. trifaria occur 
in the New Zealand Botanical Region sense Allan (1961). Sequences for these species are taken from Ye et al. (2015). 


Taxonomic Treatment 


Cheilolejeunea glauca (Steph.) Bever. et Glenny comb. nov. 
Basionym: Pycnolejeunea glauca Steph. Species Hepaticarum 5: 635 (1914) 


Lectotype (chosen by Grolle, 1979): New Zealand, North Island, Colenso a. 1694, BM ex K (not seen). Isolectotypes: 
G 00121614 ex herb. Stephani, specimen label states in Stephanis hand “Pycno-Lej glauca St n sp, in cortice, 
monoica, N Zelandia, Colenso 1694 (*); BM (seen by Grolle); MPN 22660 ex herb. Hodgson 14402 (1). 
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Plants green, in a shallow procumbent growth of overlapping weakly convex shoots, closely attached to the bark 
substrate. Branching by frequent Lejeunea-type intercalary branches. Leading shoots (Fig. 3A) ca 0.75-1.0 mm 
wide x ca 1 cm long, sub-optimal lateral branches ca 0.5 mm wide. Stem (Fig. 3G) pale brown, ca 75 um 
diameter, in cross section with 7 cortical cell rows, cells rounded- rectangular, ca 15 x 20 um, outer wall ca 6 um 
thick, medullary cell rows ca 10, isodiametric, 10-12 um diameter, evenly to variably thick-walled. Stem cells 
in surface view rectangular, ca 20-25 um wide, 30-35 um long, longitudinal walls ca 7.5 um wide, transverse 
walls 2.5 um wide with some intermediate thickening, ca 10 cells intervening between successive underleaves. 
Rhizoids sporadically present in radiating clusters of 20-25, arising from underleaf cells adjacent to underleaf 
bases, hyaline, thick walled, ca 10 um wide x ca 175 um long. Leaves (Fig 3F) incubous, alternate, lobes plane to 
very weakly convex, imbricate, erect-appressed, angled to stem axis at about 70°, the lobe apices not deflexed. 
In shoot dorsal-view, the distal imbricate leaf lobes usually completely cover the stem, the antical leaf margins 
extending across the stem and 0.5 to a full stem width beyond the opposite stem margin. Occasionally short 
sectors with stem dorsally exposed. Lobes (Fig. 3E) widely elliptic, 0.35-0.45 mm wide, 0.45-0.6 mm long, 
margins entire, weakly sinuose, without crenulation, weakly to moderately angled on postical margin at lobule 
apex. Vitta absent. Mid-lobe cells (Fig. 4) ca 15-17.5 um wide x 15-25 um long, cell walls ca 1.5-2.5 um 
wide with weak to moderate concave or straight trigones, intermediate thickening sporadically present. Dorsal 
surface of lobe smooth or with weakly bulging cells. Marginal cells sub-quadrate to shortly rectangular, ca 
10 um wide x 12.5 um long. Oil-bodies (Fig. 4) in lamina cells of distal leaves, wholly or mainly single, length 
ca 16-20 um, botryoidal, arcuate, cashew-shaped, 6.0-7.5 um wide at one end, 3.0—4.5 um wide at the other, 
with spherules 2-3 um diameter, 4 spherule rows across at the widest end, 2 at the narrowest end. In lamina 
cells of proximal leaves, oil-bodies often or mainly double. In cells of lobule and underleaves, oil-bodies 
mainly double, not arcuate. Dorsal leaf surface not or occasionally variably and weakly asperulate under light 
microscope, glaucous colour not observed. Chloroplasts peripheral in cell, appearing spindle-shaped, ca 2 um 
wide xX 3 um long. Lobules (Fig. 3E) before flattening moderately inflated, ovate, with second tooth often 
visible and free margin obscured but not tightly deflexed, after flattening, ovate, ca 0.13-0.18 mm wide, ca 
0.2 mm long, ca 0.36 lobe length, the keel weakly arched, the apical margin transverse to weakly oblique, 
of 5-6 subisodiametric cells including the single-celled first tooth, the second tooth a single spherical cell 
ca 15 um diameter, the papilla, small, marginal, distal to the second tooth, in depression between second 
tooth and obsolete to slightly prominent first tooth. Free margin of lobule with ca 12 cells. Lobule carina 
cells weakly to moderately bulging. Lobules of suboptimal branch leaves relatively large, ca 0.5x leaf length. 
Underleaves (Fig. 3A) appressed, attached to two-celled ventral merophyte by 6-celled weakly- to moderately- 
arched insertion, when flattened on well-developed shoots contiguous to shortly distant, occasionally slightly 
imbricate, orbicular, ca 3-4 x stem width, on leading shoots, ca 0.23-0.33 mm wide, 0.23-0.30 mm long, sinus 
on distal underleaves a narrow slit, occasionally V- or U-shaped in proximal underleaves, 0.15-0.25~x leaf 
length, lobe apices single-celled or two uniseriate cells, the apical lobe sectors bent inward in the plane of the 
underleaf and commonly crossing over each other, the lobe bases ca 10-14 cells wide, often differing in the 
same underleaf. Asexual reproduction, absent. 


Monoicous. Androecia on abbreviated lateral branches from leading shoots and branches, diandrous, variable 
in length, the smallest androecia ovate, ca 0.40-0.45 mm wide, 0.45-0.50 mm long, spicate, projecting slightly 
beyond the adjacent leaves and visible dorsally, typically 2 male bracteoles associated proximally with a 
sterile bract pair, and with 2-3 pairs of fertile bracts, the proximal pair moderately larger than distal pairs. 
Longer androecia (Fig. 3C) as long as 1.5 mm long with up to 8 fertile bract pairs and a proximal sterile 
pair, the androecia ca 0.45-0.50 mm wide proximally tapering to 0.35-0.40 mm wide distally, the bracts 
loosely imbricate, with 1-2 proximal male bracteoles. Androecium apex occasionally innovating to generate a 
vegetative shoot. Gynoecia (Fig. 3A, B) terminal, on both leading shoots and short lateral intercalary branches, 
some with as few as 2 subgynoecial leaves, the subgynoecial underleaves on leading shoots progressively 
larger than shoot underleaves, female bracts free, the pair often asymmetric, bilobed, lobes ca. 0.27-0.3 mm 
wide, ca 0.55-0.65 mm long, variably falcate-spathulate, apices rounded, lobule broadly ligulate, deflexed, ca 
0.07 mm wide, ca 0.3 mm long, sinus ca 0.05 mm deep, bracteole free, elliptic, 0.25 mm wide 0.42 mm long, 
sinus 0.1 mm long, narrow, obscured by overlapping lobes, lobe apices single-celled, curved towards midline. 
Perianths (Fig. 3B) ca 0.4-0.45 mm wide, ca 0.65 mm long, obovate, widest a little above mid-perianth, 
apex slightly retuse or truncate, cuneate proximally, lateral carinae sharply defined, the ventral carinae less 
sharply defined, with the perianth inflating between the ventral carinae before sporophyte enlargement, the 
dorsal carina a low profile ridge on a plane dorsal surface,. Rostrum (Fig. 3D) ca 35 um long, 3(-4) cell tiers. 
One or both innovations (Fig. 3A, B) pycnolejeuneoid, the other sometimes lejeuneoid. First innovation 
underleaf insertion ca. 2 stem cortical cell rows distal to first leaf insertion. Male and female gametangia often 
intermingled in close proximity. 
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Nt 251m 
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Fig 3. Cheilolejeunea glauca (Steph.) Bever. et Glenny comb. nov. A: Ventral view of leading shoot with gynoecium 
and pycnolejeuneoid innovations, B: Dissected gynoecium with perianth, female bracts, bracteole and innovation first 
underleaf, C: Androecium, D: Rostrum, E: Lobule with second tooth and papilla, F: Leaf, G: Stem section. All drawn from 
WELT H014290. 
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Fig 4, Oil-bodies at midleaf of A, Cheilolejeunea glauca; B, C. nipponica; and C, C. intertexta. Cheilolejeunea glauca: WELT 
H14290; C. nipponica: Wang & Han 20081010-4 (HSNU); C. intertexta: Zhu et al. 20050908-20 (HSNU); B and C courtesy 
of Prof. R.L.Zhu. 


Additional Specimens Examined: New Zealand, W. Colenso 1694, Hodgson Collection, 14402, designated 
Pycnolejeunea glauca isolectotype by Grolle 1978 (MPN 22660!); Herekino Forest, Okahu Stream, 35°10'S 
173°16E, 80 m, April 2003, M. A. M. Renner 400b (AK 282687); Auckland, 36°49'S 174°44 E, 1948, E. A. Hodgson 
(MPN 22675); Waitakere Range, Matuku Forest and Bird Reserve, 36°52.02'S 174°28.40 E, 40 m, June 2004, 
J. E. Braggins 04044C (AK 291005); Te Kuiti, Mapara Wildlife Management Reserve, 38°32.03'S 175°14.70E, 
340 m, June 2020, L. Perrie & L. Shepherd (WELT H014364); Te Kuiti, Mapara Wildlife Management Reserve, 
38°32.03'S 175°14.70'E, 340 m, June 2020, L. Perrie & L. Shepherd (WELT H014365); Mahia Peninula, Dec 
1960, E. A. Hodgson (CHR 627383); Mahia Peninula, 39°08'S 177°53'E, Dec 1960, E. A. Hodgson (MPN 22662); 
Rotorua Region, Sept 1941, K.W. Allison (CHR 627379); Taranaki, west of Ohura, 38°51'S 174°55'E, 516 m, 
July 1937, E. A. Hodgson (MPN 22670); Hawkes Bay, 39°28'S 176°55'E, undated, E.A.Hodgson (MPN 22349); 
Wellington, Wilton’s Bush, Oct 1941, R. Mason (CHR 36721); Wellington, Wiltons Bush, 41°16S 174° 45’ E, 
Oct 1941 R. Mason (MPN 22669); Wellington, Wiltons Bush, 41° 16'S - 174° 45'E, Oct 1941 R. Mason (MPN 
22649); Stewart Island, Pryce Peak, Feb 1947 W. Martin (CHR 627382); Stewart Island, Pryce Peak, 46°56'S 
168°O1'E, Feb 1947, W. Martin (MPN 22657). 


Differentiation: Table 2 provides a summary of features of both Cheilolejeunea nipponica and C. intertexta 
that serve to distinguish them from C. glauca. The data on C. nipponica are derived from references for Japan 
(Mizutani 1982), and China including Hong Kong (So and Zhu 1996 and Zhu et al. 2002). The same references 
with addition of Asthana et al. (1995) provide the data for C. intertexta. 


Table 2. Features for distinguishing between Cheilolejeunea glauca, C. intertexta and C. nipponica. 


shoot width 0.75-1.0 mm 0.40-0.55 mm 0.50-—0.76 mm 


second tooth 1 isodiametric cell 3-celled, 1 on base of 2, 1 cell, obtuse 
pointed 


underleaf length x width 0.33 x 0.33 mm O15 « OorS mim 0.27 x 0.23 mm 


ratio of underleaf to stem 3-4: 2-35 2—3:1 
width 


underleaf sinus a narrow slit widely obtuse acute to obtuse 


underleaf and female often crossing over widely spreading widely spreading 
bracteole lobe tips 


roe te 2G 


oil-body shape and texture | in distal leaves cashew-shaped, | elliptical, rarely cashew-shaped, | unstated 
botryoidal botryoidal 


leaf lobe length x width 0.60 x 0.45 mm 0.38 x 0.30 mm 0.40 x 0.40 mm 


Distribution and Ecology: Basic information can be derived from the scant data available on older herbarium 
specimens in MPN and CHR with 12 samples including four duplicates and the isolectotype which lacks a 
specified location in New Zealand. Specimens are from a number of North Island locations, from Auckland 
to Wellington. There are no records from the South Island but there are two collections from Pryse Peak on 
Stewart Island further south. All specimens are from forested habitats, and were bark epiphytes, either stated 
on the packet or confirmed from the specimen samples. Only one phorophyte from two locations is recorded 


Se 
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for the historical collections, Lophomyrtus bullata Burret to which can be added the recent collection from 
Melicytus ramiflorus on which the description is based, and collections from Mapara Reserve near Te Kuiti on 
Beilschmiedia tawa (A.Cunn.) Benth. & Hook.f. ex Kirk and Kunzea sp., from the Waitakere Range on Vitex 
lucens Kirk, and from Herekino Forest on Coprosma grandifolia Hook.f. The Herekino Forest specimen was 
from Beilschmiedia tarairi (A.Cunn.) Benth. & Hook. f. ex Kirk, Vitex lucens Kirk and Prumnopitys taxifolia (Sol. 
ex D.Don) de Laub. forest with an understorey of Hoheria populnea A.Cunn., Rhopalostylis sapida H.Wend1. 
& Drude, Ripogonum scandens J.R.Forst. & G.Forst. and Geniostoma rupestre (J.R.Forst. & G.Forst.) J.R.Forst. 
& G.Forst. The Mapara Wildlife Reserve collection was from Beilschmiedia tawa forest. Inferred elevational 
range is from near sea level to about 500 m asl. Three collections were from tree trunks adjacent to or lying 
over a stream suggesting constant humidity is a requirement of the species. 


Recognition: In the absence of perianths Cheilolejeunea glauca, with its green colour and closely appressed 
shoots, may initially be mistaken for a Frullania such as FE monocera. The presence of dorsi-ventrally compressed 
Lejeunea-type perianths, large, orbicular underleaves up to four times stem width with a narrow slit-like sinus, 
and frequently with overlapping lobe tips in underleaves and female bracteole, combined with distal leaf lobe 
cells with single arcuate cashew-shaped oil-bodies will confirm its identity. In the New Zealand context, the 
species can be identified with confidence by features of the underleaves alone. The orbicular underleaves, up to 
four times stem width with narrow sinus and with inwardly oriented acute apices, frequently overlapping, are 
usually present. The overlapping underleaf apices were illustrated for the female bracteole by Stephani (1892). 


Key: In the most recent key to the New Zealand species of Cheilolejeunea (Beveridge et al. 2019), C. glauca 
replaces C. intertexta. 


Conservation Status: Herbarium records show Cheilolejeunea glauca to have been present in seven ecological 
regions in the North Island and on Stewart Island. Until the recent collection on which this description is 
based, there were few recorded collections since 1960. A recent bulk collection from Mapara Reserve in 
Beilschmiedia tawa forest near Te Kuiti had five scant samples of C. glauca, one small with perianths, the others 
sterile and consisting of short, single leading shoots. This suggests that C. glauca may be much more common 
than collection records indicate. As both Pycnolejeunea glauca and Cheilolejeunea intertexta, it was listed as 
data deficient in the most recently published liverwort threat classification (de Lange et al. 2020). The evidence 
above suggests that its classification according to the New Zealand Threat Classification System (Townsend 
et al. 2008) should be naturally uncommon. 


Fig 5. SEM ventral view of gynoecium and two innovations of Pycnolejeunea glauca, isolectotype MPN 22660. 
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Fig 6. SEM ventral view of shoot of Cheilolejeunea glauca, WELT H14290. 
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Abstract 


Cololejeunea reniformis is described as new based on a single collection from Tully Falls National Park in 
north-east Queensland. Cololejeunea reniformis is similar to C. cairnsiana in the size and the falcate leaf lobes 
and ampulliform lobules, which are distinctive features among Australian species. While C. cairnsiana is 
epiphyllous, the single known gathering of C. reniformis was found on bark, and the two species differ in 
a number of micromorphological characters. Cololejeunea reniformis differs from C. cairnsiana in having a 
vitta two or three cells wide, and a stylus two or three cells tall, rather than a vitta 1 cell row wide and a stylus 
of a single cell. Cololejeunea reniformis shares many micromorphological features with the south-east Asian 
C. ensifera but differs in its smaller size and falcate leaf lobes, in addition to other characters. Thirty-nine 
Cololejeunea species are now known for Australia. 


Introduction 


Cololejeunea (Spruce) Steph. is probably the second largest genus within the Lejeuneaceae, itself the most 
speciose family of leafy liverwort, after Lejeunea Lib. Currently more than 400 species are accepted worldwide 
(Soderstrom et al. 2016), with 38 species recorded from Australia (Pécs 2016). More than half of Australian 
species have been reported or described within the past two decades since the completion of the first complete 
account of Australian species by Thiers (1988). This illustrates well the spring-board effect that comprehensive 
treatments have on advancing knowledge of regional and global diversity, regardless of the state of knowledge 
at the time of their completion. Since Thiers (1988), additional collecting efforts throughout Australia, and in 
the Wet Tropics in particular, have contributed 14 new regional records (Pécs 1994, 2016; O'Shea et al. 1997; 
Bolin and Henderson 2002; Meagher 2003; Pécs and Streimann 2006; Renner 2011) and two new species 
(Pécs 2016). Almost all Australian Cololejeunea species also occur outside of Australia, most are Malesian or 
Paleotropical in distribution. To date only four species and one variety (C. thiersiae (Pécs) Pécs, C. iwatsukiana 
(Pécs) Pécs, C. heinari Pocs, C. cairnsiana Pécs, and C. floccosa var. fraseriana Pécs) are considered endemic 
to Australia (Pécs 2016). Far from being one of the most challenging genera of Lejeuneaceae, Cololejeunea is 
now one of the best-known in Australia. 


During identification and cataloguing of collections from the Wet Tropics made in 2014, a collection of 
Cololejeunea trom the Charmillan Creek catchment within Tully Falls National Park, was initially identified to 
Cololejeunea cairnsiana, using the key in Pécs (2016). However, the Charmillan Creek plant differed from C. 
cairnsiana in having a vitta two or three cells wide, and a stylus two or three cells tall, rather than a vitta 1 cell 
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row wide and a stylus of a single cell. Critical examination of the specimen and consultation with Prof. Tamas 
Pécs established that its affinities were closer to C. ensifera Tixier, a species known from Thailand and Cambodia 
(Tixier 1969). The Charmillan Creek plant is, however, smaller overall than C. ensifera and differs in several 
microstructural details, including having papillose leaf lobe marginal cells, more ocelli in the vitta, a hyaline 
border on the lobule antical margin only 2 cells broad, and reniform-elliptic rather than oblong-ovate leaf lobes. 
Here, the plant from Charmillan Creek is described as the fifth new species of Cololejeunea from Australia. 


Taxonomic Treatment 


Cololejeunea reniformis M.A.M.Renner sp. nov. 


Diagnosis: Cololejeunea reniformis is similar to Cololejeunea cairnsiana, but differs by the vitta 2 or 3 cells 
broad which extends beyond the lobule apex; the 2 or 3 celled stylus, the first lobule tooth usually 4 cells long, 
and the second lobule tooth capped by a single cell, and the lobule antical margin bordered by 2 rows of cells 
whose walls are hyaline and thin. 


Holotype: Australia, Queensland, North Kennedy, Tully Falls National Park, Tully Falls Road, Walters 
Waterhole Track, to Rhyolite Pinnacle, at river crossing, 17°43'33°S 145°32'20°E, c. 800 m, 27 Aug 2014, M.A.M. 
Renner 7221 & L.J. Gray (BRI). Isotype: NSW 1061475. 


Medium-sized corticolous plant adhering to hard bark, forming pale, shiny green patches up to 2 cm in 
diameter. Shoots up to 0.8-1.2 mm wide, irregularly pinnately branching. Stem 47-59 um thick, with five 
cortical and one medullar cell row, ventral merophyte of one row of cells, or two rows within rhizoid field, 
which contains six rhizoids in each bundle, 8-10 um wide, short, hyaline. Leaves elliptic-reniform, falcate, 
530-740 x 250-420 um, with rounded apex, postical margin arched, antical margin also arched, tending 
toward straight along the interior half and above a small auriculate base above the stem insertion; long axis of 
lobe orientated at 45 degrees to stem. Marginal lobe cells around outer two thirds of lobe margin more or less 
rectangular, 5-12 x 3.5-6 um, long axis orientated perpendicular to the margin, cell walls with cordate trigones 
and occasional intermediate thickenings, each cell bearing a single dome-shaped papilla on its upper surface 
close to but not on the lobe margin, such that the papilla does not project beyond the lobe margin. Marginal 
lobe cells in the inner third of the lobe margin are long-rectangular, 9-18 x 3.5-7 um, with long axis parallel 
to the lobe margin, and the free external wall is thin-walled and hyaline. Median lobe cells on the antical side 
of the vitta elongate hexagonal, 7.5-15 x 5.3-8 um, on the proximal side subquadrate to elongate hexagonal; 
cell walls more or less continuously thickened or with cordate trigones and intermediate thickenings; each 
cell bearing a dome-shaped papilla on its dorsal surface. Basal cells on either side of vitta elongate, slightly 
sinuous, 25-29 x 6-9 um, cell walls continuously thickened between cordate trigones and with up to three 
intermediate thickenings. Vitta sharply delimited, 420-460 um long, 7-9 cells long, and 2 or 3 cell rows wide, 
comprised of 12-20 large cells and other smaller cells, exceeding length of lobule and extending into the free 
part of the lobe, in the lower half formed by 2 or 3 rows of ocelli, 37-73 x 16-20 um, with walls bearing 
1-3 intermediate thickenings of varying size and confluency, and cordate trigones at cell wall junctions; the 
upper half of the vitta formed to 3 or 4 rows of ocelli shorter and narrower than cells in the lower half, 20-27 
x 8-13 um. Lobule half the lobe length, ampulliform, elongate with truncate apex, 250-370 x 140-210 um, 
free exterior margin 59-77 um long, keel nearly straight in outer third, then continuously curved, curvature 
increasing toward the stem, through nearly 150 degrees; the interior part of this curve laying nearly parallel 
with the stem, at an angle of around 20-30 degrees so forming an acute sinus between the lobule keel and 
stem; antical margin bordered by 2 rows of hyaline, thin-walled, elongate cells, other lobule cells subquadrate, 
10-14 x 4-8 um, with thickened walls, with distinct cordate trigones and intermediate thickenings; lobule 
apex with two teeth that usually cross each other; first tooth lanceolate, kinked at the base, formed by 3-5 
moniliform cells; second tooth triangular, formed by 3-7 cells, 2 or 3 cells broad at the base, shorter than the 
first tooth, apex acute, formed by a single cell; hyaline papilla globose, marginal, filling the base of the sinus 
between the first and second teeth. Stylus filiform, 2 or 3 cells long. Asexual reproduction by gemmae from 
the ventral lobe surface, but mature gemmae not seen. Monoicous. Androecia on short determinate lateral 
branches bearing 3-7 pairs of male bracts; bracts saccate, subisolobous, lobules 150-200 um long, 80-115 
lum wide, apex obtuse, hypostatic, imbricate, hyaline; containing a single antheridium. Gynoecium on leading 
shoots or short lateral branches, in both situations subtended by a single subfloral innovation; female bracts 
480-500 um long, 220-240 um wide, obovate, reaching approximately to 2/3 length of perianth; lobule elliptic 
to obovate, 380-430 um long, 180-220 um wide, with truncate and dentate to serrate apex. Perianth broadly 
cuneate, 415-550 um long, 380-490 um wide, apex emarginate with compressed lateral wings whose keels 
have a rounded outline, and a short rostrum one or two cell tiers tall situated in the shallow medial depression 
between the two keels, ventrally bulging. Sporophytes not seen. 
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Figure 1. Cololejeunea reniformis M.A.M.Renner. A: lobule apex showing crossed first and second teeth, the second tooth 
hyaline and composed of thin-walled cells that are continuous along the antical lobule margin. B: four leaves showing 
the multi-tiered vitta extending beyond the lobule apex and the reniform leaf-lobe shape. C: three stem sections showing 
stems between leaves and rhizoids (below), stems with rhizoid field (above), and stem at leaf insertion (right). D: ventral 
view of stem showing lobule insertion, ventral merophyte and styli. E: lobe marginal cells at outer extremity, papillae 
not shown. F: lobe medial cells between vitta and margin. G: lobe vitta from its terminus to close to the base. H: habitus 
showing autoicy, male branches, and perianths; note also the production of gemma initials on the older leaves. I: a pair 
of female bracts. J: branching diagram. K: two perianths in ventral view showing the ventral keel. L: apex of female bract 
lobule. M: dorsal leaf lobe margin above stem insertion, note the thin, hyaline, free external cell wall of the marginal cells. 
N: scale bar, A, C-G, M=40 um; L=60 um; B, H, I, K=240 um; J=not to scale. 
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Etymology: Kidney-shaped, referring to the outline of the leaf-lobe, which is a difference between the new 
species and C. ensifera on the one hand, and a distinctive feature shared with C. cairnsiana on the other. 


Distribution and ecology: Cololejeunea reniformis is known by a single gathering made in the Charmillan 
Creek catchment of Tully Falls National Park. Plants were corticolous on a tree trunk in riparian vegetation 
within notophyll-vine rainforest to 25 m tall with broken canopy and much Calamus in a gully with easterly 
aspect. The plants formed a series of pure, radiating and interlocking flat, bright green, nitid patches on hard, 
otherwise naked bark. 


Recognition: In the key to species provided by Pécs (2016) Cololejeunea reniformis will key to C. cairnsiana due 
to its being a relatively large plant with papillose leaf lobe cell surfaces, and a vitta in the leaf lobe (characters 
which place it in subg. Taeniolejeunea), the unequal lobule teeth that cross, the simple papillae on the flask- 
shaped lobule, and the falcate leaf lobe. Couplet 7 in the key to species of subg. Taeniolejeunea will give some 
pause because the vitta in C. reniformis is not single celled. Below a revised couplet 7 and new couplet 7a are 
provided to accommodate C. ensiformis in Pécs (2016)'s key to species of subg. Taeniolejeunea 


7. Lobe falcate; lobule elongate, with a deeply curved keel whose inner margin is nearly parallel with the 


7*. Lobe broadly ovate; lobule ovate, inflated, with a curved keel whose inner margin is inclined toward the 
SSMS UEP AGE TIAA Me LEU HES 7 cacanc cane tatu aah Ris Sia Slay See Naat Sats PNG AGN Bod Senaatoun tausapheracteraanatenrrash Manan c toe tauelen 8 


7a. Vitta 1 cell wide at base (but may have one or two accessory ‘half-rows of smaller cells at the outer end), 
comprised of 4-6 evenly thick-walled cells; stylus a single cell; lobule antical margin bordered by 2 rows 
of cells whose walls are thickened as for the other lobule cells; cell walls of the second lobule tooth also 
fMickeneadraticl- Pio mwe niles <A 1OLEOUS:s.s5535,4.c03hs, hay iisevebeentnoedtewdnend bint diai eke Mee tohautt 36. Cololejeunea cairnsiana. 


7a*. Vitta 2 or 3 cells wide throughout, comprised of 12-20 cells with thin walls bearing conspicuous 
trigones and intermediate thickenings; stylus 2 or 3 cells in moniliform series; lobule antical margin 
bordered by 2 rows of cells whose walls are hyaline and thin; cell walls of second lobule tooth also 
Beye Ath CDRA TOM OLC OWS vo cehuretneedcadneessacehaishenntdenederwdoaes obeons lass teaoaneseteeeteanveteurens Cololejeunea reniformis 


As described in the introduction, Cololejeunea reniformis shares a number of characters with C. ensifera, and 
might be confused with that species, including the vitta two or three cell rows wide, and the two or three 
celled stylus. However, C. reniformis is smaller overall than C. ensifera, with shoots 0.8-1.2 mm wide versus 
2.0 mm in C. ensifera, with correspondingly smaller leaf lobe (530-740 um long versus 1000 um) and lobule 
(250-370 um versus 600 um long), and shorter vitta (420-460 um versus 600 um long) with more numerous 
(12-20 versus 6 or 7 cells) that are smaller (37-73 um versus 50-100 um long). The leaf lobe shape is also 
different, being reniform in C. reniformis and ovate-oblong in C. ensifera. Finally, the hyaline margin on the 
lobule is two cells rows wide and includes the second tooth in C. reniformis, but four or five cell rows wide and 
does not include the second tooth in C. ensifera. 


Acknowledgements 


I thank Prof. Tamas Pécs (EGR) for advice on the plant from Charmillan Creek, details about C. cairnsiana, 
and for providing scans of relevant literature for study; Trevor Wilson and Lindsey Gray for company on two 
enjoyable and successful field trips to the Wet Tropics Bioregion of north-east Queensland, and DERM and 
traditional land owners for permission to conduct those field trips. 


References 


Bolin A, Henderson RJF (2002) Plantae — liverworts and hornworts. In RJF Henderson (ed.) Names and 
distribution of Queensland plants, algae and lichens, pp. 222-227. Queensland Herbarium, Brisbane. 

Meagher D (2003) New and interesting bryophyte records. Australasian Bryological Newsletter 48: 8-9. 

O'Shea B, Eggers J, Pursell RA, Sollman P, Stevenson CR (1997) New bryophyte taxon records for tropical 
countries 1. Tropical Bryology 13: 175-183. https://doi.org/10.11646/bde.13.1.17 

Pécs T (1994) New or little known epiphyllous liverworts, V. Aphanolejeunea collected by Barbara M. Thiers 
in Australia and Papua New Guinea. Hikobia 11: 467-462. 

Pécs T (2016) Contribution to the bryoflora of Australia. VI. The genus Cololejeunea (Spruce) Steph. 
(Lejeuneaceae, Marchantiophyta). Polish Botanical Journal 61: 205-229. https://doi.org/10.1515/pbj-2016- 
003 1 

Pécs T, Streimann H (2006) Contributions to the bryoflora of Australia, I. Tropical Bryology 27: 19-24. https:// 
doi.org/10.11646/bde.27.1.4 


Cololejeunea reniformis, a new species Telopea 23: 181-166, 2020 185 


Renner MAM (2011) New records, range extensions and descriptions for some unfamiliar Australian 
Lejeuneaceae (Jungermanniopsida). Telopea 13: 563-576. https://plantnet.rbgsyd.nsw.gov.au/ 
emuwebnswlive/objects/common/webmedia.php?irn=6327 1 &reftable=ebibliography 

Sdéderstrom L, Hagborg A, von Konrat M, Bartholomew-Began S, Bell D, Briscoe L, Brown E, Cargill DC, 
Cooper ED, Costa DP, Crandall-Stotler BJ, Dauphin G, Engel JJ, Feldberg K, Glenny D, Gradstein SR, He 
X, Heinrichs J, Hentschel J, Ikiu-Borges AL, Katagiri T, Konstantinova NA, Larrain J, Long DG, Nebel 
M, Pocs T, Puche FE, Reiner-Drehwald E, Renner MAM, Sass-Gyarmati A, Schafer-Verwimp A, Segarra 
Moragues JG, Stotler RE, Sukkharak P, Thiers BM, Uribe J, Vana J, Villarreal JC, Wigginton M, Zhang L, 
Zhu R-L (2016) World checklist of hornworts and liverworts. PhytoKeys 59: 1-828. https://doi.org/10.3897/ 
phytokeys.59.6261 

Thiers B (1988) The Australian species of Cololejeunea. Nova Hedwigia Beihefte 90: 113-146. 

Tixier P (1969) Cololejeunea de lAsie du Sud-Est. I. - Leonidentes et espéces affines. Revue Bryologique 
Lichénologique 36: 543-594. 


Submitted 3 September 2020; accepted 28 September 2020 


at, 
Volume 23: 187-196 E LO = f \ The Royal 


Publication date: 15 December 2020 : BOTANIC (SARDENS 
dx.doi.org/10.7751/telopea14704 Journal of Plant Systematics oa Phssiieiten Tease 


plantnet.rbgsyd.nsw.gov.au/Telopea ® escholarship.usyd.edu.au/journals/index.php/TEL ¢ ISSN 0312-9764 (Print) ¢ ISSN 2200-4025 (Online) 


Validation of two informally named species 
of Melichrus (Ericaceae: Epacridoideae) from 
north-eastern New South Wales 


Helen T. Kennedy’, lan R. H. Telford', Darren M. Crayn,” ? Jeremy J. Bruhl' 


‘Botany and N.C.W. Beadle Herbarium, School of Environmental and Rural Science, 
University of New England, Armidale NSW 2351, Australia 
‘Australian Tropical Herbarium, James Cook University, Cairns, Qld 4870, Australia. 
°Centre for Tropical Environmental Sustainability Science, James Cook University, Cairns, Qld 4870, Australia. 
Author for correspondence: hkenned6@myune.edu.au 


Abstract 


Two narrowly endemic, endangered species of Melichrus R.Br. from north-eastern New South Wales currently 
bearing phrase names are formally named and described. Melichrus hirsutus J.B.Williams ex H.T-Kenn. & I.Telford 
is validly published more than 50 years after the first herbarium specimens were collected. Melichrus gibberagee 
J.B.Williams ex H.T-Kenn. & J.J.Bruhl is also described as new. Notes are provided on the distribution, habitat and 
conservation status of both species. An updated key to the species of Melichrus in New South Wales is provided. 


Introduction 


Melichrus R.Br. (Ericaceae: Epacridoideae) is a genus of four described eastern Australian species of shrubs. 
In addition, eight phrase-named species are accepted by the Australian Plant Census (CHAH, accessed 
23 May 2020), five in eastern Australia and three in Western Australia. The eastern Australian species occur 
in Queensland (7 species), New South Wales (6) and Victoria (1) and are distributed from the coast to drier 
regions well inland. 


Initial work towards describing two new species of Melichrus from the north coast of New South Wales was 
conducted by botanist John Beaumont Williams (1932-2005). Williams had diverse botanical interests, and 
many of his collections and research notes, including those on Melichrus, are retained in his home herbarium, 
‘New England Herbarium (NE), renamed in 1997 to the ‘N.C.W. Beadle Herbarium. 


Williams considered some of the collections he made near Glenreagh, north-eastern New South Wales in 1965 
to be an undescribed species of Melichrus. In his unfinished manuscript, Williams (unpub. data, 1993-1998) 
distinguished the new species from its congeners on the basis of: 


“,..densely hirsute leaves, sepals and bracts and by the red corolla which is much shorter than the long 
acuminate sepals...the ascending habit and pungent-pointed leaves: 


The entity was listed under the informal name Melichrus species A in the ‘Flora of New South Wales’ (Harden 
1993) and later under the manuscript name, Melichrus hirsutus J.B.Williams MS (NSW Scientific Committee 
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1995). Since 2005 the phrase name Melichrus sp. Newfoundland State Forest (P.Gilmour 7852) has been applied 
to this taxon (CHAH, accessed 4 April 2019). 


Williams also recognised, as an undescribed species, specimens sent to him by Andrew Benwell who collected 
a Melichrus in Gibberagee State Forest, south of Casino, New South Wales, in August 1997. Williams noted 
several distinctive morphological features including that the specimens had the narrowest leaves and flowers 
in the genus and a distinctive distribution of the indumentum on the internal surface of the corolla tube 
(J.B. Williams, unpub. data 1997). Since 2005 the phrase name Melichrus sp. Gibberagee (Benwell 97239) has 
been used for this taxon (CHAH, accessed 4 April 2019). 


Materials and methods 


The species described here are delimited from their congeners on the basis of morphological evidence. 
Morphological data 


Morphological characters were scored from fresh, dried and 70% ethanol-fixed specimens collected by the 
authors as well as specimens seen by J.B. Williams and housed at NE (herbarium codes follow Thiers 2016). 
Floral measurements were obtained from ethanol-fixed specimens only. Micromorphology was examined 
using a Leica WILD MZ8 stereomicroscope with a WILD445355 PLANAPO 1.0x lens and measurements were 
made either by steel rule or eyepiece reticule at 20 or 50 times magnification, calibrated against a steel rule. 


Diagnoses provided for Melichrus hirsutus and M. gibberagee were made by comparison with M. procumbens 
(Cav.) Druce and M. urceolatus R.Br. respectively, as they are more morphologically similar to these species 
than other congeners. Both M. procumbens and M. urceolatus exhibit considerable morphological variation 
across their geographic ranges, and are part of an ongoing taxonomic revision of the genus by the authors. 
We therefore have used the protologues (Cavanilles 1797; Brown 1810), high-definition photographs of type 
specimens (Global Plants 2020), and recent topotype collections (herbarium sheets and material fixed in 70% 
ethanol) for comparison with the newly described species. 


Definitions of terminology used in the descriptions follow the Flora of Australia (1999) glossary or if absent 
there, then Radford et al. (1974). 


We have not distinguished sterile bracts, fertile bracts and bracteoles in the descriptions. The organs are not 
morphologically differentiated but rather grade in size and shape from the outermost bracts to those that 
immediately subtend the calyx. A developmental study is required to confidently identify the bract homology 
in Melichrus and related genera. 


Figures 1-4 were constructed using paint.net v.4.2.12 and Inkscape v.0.92.4 
Distributional data 


Distributional data for the taxa are recorded in bioregions following Australias bioregions IBRA7, (Department 
of the Environment 2013) to convey biogeographical information. Whereas, in the citation of specimens, 
botanical districts in use by the relevant herbaria are used to facilitate curation. 


The distribution map (Fig. 5), was constructed using ArcMAP 10.4.1. 


Taxonomy 


Melichrus hirsutus J.B.Williams ex H.T.Kenn. & I. Telford sp. nov. 


Type: NEW SOUTH WALES: North Coast: Kremnos Creek, 7.5 km N of Glenreagh, 14 Aug. 1993, J.B. Williams 
s.n. (holo: NSW; iso: BRI, CANB, CNS, K, MEL, MO, NE 85839) (Fig. 1). 


Melichrus sp. Newfoundland State Forest (P.Gilmour 7852); CHAH 2005, Australian Plant Census 


Melichrus hirsutus J.B.Williams MS; NSW Scientific Committee (1995), Schedules 1, 2 & 3 (1995). Threatened 
Species Conservation Act 1995: 178 


Melichrus species A; Harden, G.J. in Harden, G.J. (ed.) (1993), Additions and Corrections. Flora of New South 
Wales 4: 669. 


Diagnosis: Similar to Melichrus procumbens, differing by stems ascending (v. decumbent), branchlet 
indumentum pilose (v. sericeous), leaf apex pungent (v. non-pungent), lamina margin and abaxial surface 
densely pilose (v. scattered—few hairs), corolla cup-shaped (v. rotate) (Fig. 2B). 
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Description: Shrub 0.2-0.7 m tall, many-stemmed from base; stems ascending, erect at ends. Branchlets densely 
pilose, hairs (0.35-)0.8-1.2 mm long. Leaves ascending, sub-sessile; petiole broad and compressed, 0.5-1.1 mm 
long, 0.8-1.5 mm wide, adaxially concave, appressed to stem, adaxial surface sericeous, hairs (0.2—)0.8—1 mm 
long; lamina lanceolate, (12-)16.9-22.5 mm long, (1.5-)2-3.5 mm wide, +straight; apex aristate, pungent, 
0.5-1.2 mm long, distal */, translucent; margins entire, yellow-green, ciliate, hairs (0.3-)0.8-1.2 mm long; 
adaxial surface light green, sericeous at base, hairs (0.4—)0.8-1 mm long, venation indistinct; abaxial surface 
slightly paler, pilose, hairs (0.3-)0.65-1.25 mm long, veins 9 or 11 obvious, parallel, separated by deep, narrow 
grooves bearing dense papillae <0.2 mm long. Inflorescence a solitary, bisexual, axillary flower, ascending, up 
to */; the length of subtending leaf. Bracts 9-11, strongly imbricate, spirally arranged, grading distally from 
widely ovate to ovate, from 0.5-0.75 mm long, 0.4-0.7 mm wide to 4.2-4.9 mm long, 2.8-3 mm wide; apex 
acute, sometimes rounded, upper 2-3 bracts acuminate; margins entire, densely ciliate, hairs 0.5-1.2 mm long; 
abaxial surface densely pilose, hairs to 1.2 mm long; surfaces green at the base turning pink distally. Calyx, 
sepals 5, chartaceous, imbricate, lanceolate, 6-7 mm long, 1.5-3.5 mm wide, exceeding open corolla; apex 
caudate; margin entire, densely ciliate, hairs to 0.9 mm long; adaxial surface pilose near apex; abaxial surface 
densely pilose, hairs to 0.9 mm long, surfaces green at the base turning pink distally. Corolla cup-shaped, deep 
pink; tube 2.8-3 mm long 3.8-4 mm wide; lobes 5, widely ovate, 2.5-2.8 mm long, 2—2.3 mm wide, held erect 
and in the same plane as the corolla tube for up to '/, their length, distally spreading and recurved; apex acute 
and exceeded by a sub-apical process 0.5-0.75 mm long, translucent pink fading to white distally, tip with a 
few hyaline hairs 0.6-0.9 mm long; external surface glabrous; internal surface hispid, hairs hyaline c.1.3 mm 
long. Glandular hairs arranged in 5 tufts, adnate to the base of the corolla tube, alternate with stamens; tufts 
+rectangular 0.5-0.8 mm long, 0.5-0.75mm wide; hairs turbinate, c. 0.15 mm long, c. 0.1 mm wide, apex 
rounded or acute. Anthers 5, inserted just below sinuses, tenclosed by corolla tube, ovate, 1-1.4 mm long, 
0.75-1 mm wide, papillose with a soft hook-shaped appendage distally, <0.5 mm long. Filaments compressed, 
inserted at the base of the corolla tube adnate to tube for at least %4 of their length, 1.8-2.5 mm long. Ovary 
pyriform, c. 0.9 mm diam., 4- or 5-locular; style tapering to stigma, c. 0.35 mm long, terete, glabrous; stigma 
slightly expanded. Nectary fleshy, annular with 5 broad lobes, lobes tundulate. Fruit enclosed by or exceeding 
persistent calyx at maturity, fleshy, globose, 3.8-8 mm diameter, red-purple at maturity, style persistent. 


Additional specimens examined: NEW SOUTH WALES: North Coast: “Punchbowl, c. 30 km NW of Grafton, 
24 Aug. 1994, J. Westaway RP228 (CFSHB): Shannon Creek, c. 9 km W of Coutts Crossing. Clarence Valley 
Council land, 16 Oct. 2020, H.T. Kennedy 112 (NE 110909, NSW); Shannon Creek, c. 11 km WNW of Coutts 
Crossing, 25 June 1998, D.M. Bell s.n. (NE 89344); Clarence Valley Council land adjacent to Chambigne 
Nature Reserve, c. 22 km SW of Grafton, 4 Nov. 2004, C.L. Gross 2004-14 (NE 83432); Flaggy Creek Nature 
Reserve, c. 7 km from Glenreagh, 100 m along fire trail from Orara Way, 27 May 2019, H.T. Kennedy 8 (CANB, 
NE 109319); Flaggy Creek Nature Reserve, 1 km N of Flaggy Creek on Glenreagh-Grafton road, 2 Sep. 2000, 
L.M. Copeland 2610 (CANB, NE 72316, NSW.); Glenreagh, 8 Jul. 1992, W. Sheather s.n. (NE 85837); 5.9 miles 
[c. 9.5 km] north of Glenreagh on the Grafton—Glenreagh road, 17 Apr 1969, C. Burgess s.n. (NE 22086); 
Kremnos Creek, 7.5 km N of Glenreagh, 27 Nov. 1993, J.B. Williams s.n. (NE 85838, TENN.); Glenreagh, Aug 
1965, J.B. Williams s.n. (NE 56169); 8 km N of Glenreagh, 8 Jul. 1992, J.B. Williams s.n. (BRI, CANB, CNS, K, 
MEL, MO, NE 56538, NSW); Kremnos Creek, 7.5 km N of Glenreagh, 21 Apr. 1993, J.B. Williams s.n. (AD, 
HO, M, NE 57598, NSW, US); 8 km N of Glenreagh, 4 Apr. 1993, J.B. Williams s.n. (NE 57597); Yuraygir 
National Park, 150 m SE of intersection of Wooli and Diggers Camp Roads, 10 Sep. 2004, L.M. Copeland 3783 
(BRI, CANB, MEL, NE 83330, NSW); c. 100 m E of Bald Knob on Bald Knob Fire Trail, Yuraygir National 
Park, 24 Nov 2008, R. Johnstone e& A.E. Orme 2453 (K n.v. NE 105528, NSW). 


Distribution: Melichrus hirsutus occurs in the South Eastern Queensland bioregion. It is known from six localities 
between c. 30 km north-west of Grafton and Glenreagh and east to Wooli Road, New South Wales (Fig. 5). 


Habitat: Melichrus hirsutus grows on gentle to moderate slopes at altitudes of 20-150 m in sandy soils 
with conspicuous sandstone outcrops on the Mesozoic Grafton and Kangaroo Creek Sandstone formations 
(Geoscience Australia 2020). The species occurs in eucalypt shrubby open forest with combinations of 
Eucalyptus planchoniana, E. psammitica, Angophora robur and Corymbia gummifera as dominants. Many 
shrub species are associated with M. hirsutus including Dodonaea crucifolia, Hibbertia acuminata, Banksia 
collina, Hakea laevipes subsp. laevipes and Doryanthes excelsa (Fig. 2A). 


Melichrus hirsutus is part of an endemic flora restricted to the Kangaroo Creek and Grafton Sandstones, see 
Telford and Bruhl (2020) for an overview of this important area of endemism. 
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Fig. 1. Melichrus hirsutus; isotype NE 85839. 
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Fig. 2. Melichrus hirsutus, A. habitat; dry sclerophyll forest at Flaggy Creek Nature Reserve (collection site of H.T. 
Kennedy 8). B. Fertile stem. Scale= 2 mm. Images by J.J. Bruhl. 


Phenology: Flowers March to August. Fruits recorded August to November. 


Conservation status: Melichrus hirsutus is currently gazetted as Endangered under the Environment Protection 
and Biodiversity Conservation Act 1999 and the NSW Biodiversity Conservation Act 2016, under the phrase name 
Melichrus sp. Newfoundland State Forest (P.Gilmour 7852). Small populations of M. hirsutus are conserved 
in Yuraygir National Park, Yuraygir State Conservation Area and Chambigne Nature Reserve. The largest 
population of several hundred plants is conserved in Flaggy Creek Nature Reserve, north of Glenreagh. Plants 
of M. hirsutus are fire-sensitive and short fire intervals would likely threaten the species. Under the IUCN Red 
List criteria (IUCN Standards and Petitions Committee 2019) a status of “Vulnerable B2(a&c)’ is recommended 
because of the small number of populations (less than 10) within a narrow range (less than 250 km’) combined 
with reported severe fluctuations in population size of mature individuals, post fire (Quinn et al. 1995). 


Etymology: The specific epithet is a Latin adjective meaning ‘covered with fairly coarse and stiff long erect or 
ascending straight hairs (Stearn 1992). This name was used by J.B. Williams. 


Notes: Observations made by J.B. Williams in the early 1990s indicated that Melichrus hirsutus likely does not 
produce fertile pollen (Quinn et al. 1995). Further study is needed to verify Williams observations. 
Melichrus gibberagee J.B.Williams ex H.T.Kenn. & J.J.Bruhl sp. nov. 


Type: NEW SOUTH WALES: North Coast: c. 13 km NNW of Maclean, Tullymorgan - Jackybulbin road, 
c.2 km N of junction with Cavanaghs Rd, adjacent to private driveway to house, 25 July 2019, H. T. Kennedy 
28 (holo: NSW; iso: BRI, CANB, CNS, K, MEL, MO, NE 109335) (Fig. 3). 


Melichrus sp. Gibberagee (Benwell 97239); CHAH (2005) ‘Australian Plant Census. 


Melichrus sp. Gibberagee (A.S.Benwell & J.B.Williams 97239); NSW Scientific Committee (1995), Schedules 1, 
2 & 3 (1995). Threatened Species Conservation Act 1995: 178 


Diagnosis: Similar to Melichrus urceolatus, differing by rhizomatous growth (v. non-rhizomatous), branchlet 
indumentum pilose (v. dense matted hairs), lamina margin hyaline only at the base and ciliate (v. hyaline entire 


length and scabrous), fruit broadly ellipsoid (v. obloid) (Fig. 4B). 


Description: Shrub 0.3-1.2(-1.8) m tall, rhizomatous, stems erect, branching often in pseudo-whorls 
producing a candelabra-like habit. Branchlets pilose, hairs (0.2-)0.75-1.1 mm long. Leaves ascending to 
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divergent, sub-sessile; petiole broad and compressed, 0.5-0.9 mm long, 0.5-1 mm wide, adaxially concave, 
appressed to stem, +glabrous; lamina narrowly trullate or lanceolate, (8.5—)12.5-19.1 mm long, 1.1-2.0 mm 
wide, +straight; apex narrowly aristate, translucent and sub-pungent, 0.5-0.9 mm long; margin entire, hyaline 
at lamina base, ciliate, hairs 0.05-1 mm long, longer and more numerous in basal half of lamina; adaxial 
surface green, +glabrous with occasional hairs near margin, venation indistinct; abaxial surface slightly paler, 
sparsely pilose with hairs 0.1-0.8 mm long, hairs longer and more numerous in basal half of lamina, veins 7 
or 9 obvious, parallel, separated by deep, narrow grooves bearing dense papillae <0.1mm long. Inflorescence 
a solitary, axillary flower, ascending, up to */, the length of subtending leaf. Bracts 8-10, strongly imbricate, 
arranged spirally, grading distally from widely ovate to narrowly ovate, from 0.3-0.5 mm long, 0.2-0.4 mm wide 
to 3.9-6.7 mm long, 2.5-3 mm wide; apex acute, upper 2 or 3 bracts mucronulate; margins thin and translucent, 
ciliolate near apex; surfaces +glabrous, green to cream coloured. Calyx, sepals 5, chartaceous, imbricate, ovate 
to lanceolate 6.4-8 mm long, 2.3-2.8 mm wide, tequal to open corolla, caudate, ciliolate, surfaces +glabrous, 
cream coloured, translucent. Corolla narrowly urceolate, white; tube 2-3 mm long, 2-3 mm wide; lobes 5, ovate 
to lanceolate, 4—5.2 mm long, 1.7-1.9 mm wide, held erect and in the same plane as the tube for at least */, of 
length, distally slightly spreading and recurved, apex acute and exceeded by sub-apical process c. 0.5 mm long, 
ciliate, hairs 0.1-0.4 mm long; external surface mostly glabrous with scattered hairs apically; internal surface 
hispid, hairs hyaline 0.3-1 mm long. Glandular hairs in 5 dense tufts, adnate to the base of the corolla tube, 
alternate with stamens; tufts +rectangular 0.5-0.9 mm long, c. 0.4 mm wide; hairs turbinate, c. 0.15 mm long, 
c. 0.1 mm wide, apex rounded or acute. Anthers 5, inserted below sinuses, completely enclosed by corolla tube, 
ovate, 1-1.5 mm long, 0.75-1 mm wide, papillose sometimes with a soft pointed appendage distally, <0.3 mm 
long. Filaments compressed, inserted at the base of the corolla tube adnate to tube for at least % of their length, 
1.5-2.5 mm long. Ovary ellipsoid, c. 0.75 mm diam., 4- or 5-locular; style terete, tapering smoothly to stigma, 
c. 1 mm long, glabrous; stigma slightly expanded. Nectary fleshy, annular, margin crenate. Fruit enclosed by 
or exceeding persistent calyx at maturity, fleshy, broadly ellipsoid, 4.8-5.1 mm long, 3.4—4.1 mm wide, apex 
rounded, surface smooth, red-brown at maturity, style persistent. 


Additional specimens examined: NEW SOUTH WALES: North Coast: Gibberagee State Forest, Compartment 
118, c. 40 km S of Casino, Sep. 1997, A.S. Benwell 97239 (NE 85832); Gibberagee State Forest, near Mangrove 
Creek Rd, c. 16 km NNW of Maclean, 27 May 2019, H.T. Kennedy 10 (BRI, NE 109321, NSW). 


Distribution: Melichrus gibberagee occurs in the South Eastern Queensland bioregion (Department of the 
Environment 2013). It is known from one locality in the Gibberagee area c. 50 km south of Casino, New South 
Wales (Fig. 5). The population covers less than 15 km’. 


Habitat: Melichrus gibberagee grows in relatively deep and loamy soils on +flat terrain on the Mesozoic 
Grafton Sandstone formation (Geoscience Australia 2020) at c. 50 m altitude. The species inhabits medium 
to layered tall open forest with combinations of Corymbia henryi, C. intermedia and Eucalyptus siderophloia, 
as dominant species. Associated species include Allocasuarina littoralis, Lophostemon suaveolens, Syncarpia 
glomulifera, Acacia leiocarpa, Dodonaea triquetra, Notelaea longifolia, Melaleuca nodosa, Gahnia aspera, and 
Entolasia stricta (Fig. 4A). 


Phenology: Flowers March to August. Fruits recorded July to September. 


Conservation Status: Melichrus gibberagee is currently gazetted as Endangered under the Environment 
Protection and Biodiversity Conservation Act 1999 and the NSW Biodiversity Conservation Act 2016 under the 
phrase name Melichrus sp. Gibberagee (Benwell 97239). 


The distribution of Melichrus gibberagee as documented in 2019 prior to the 2019-2020 included an area of 
less than 15 km’, the majority of this range occurs within Gibberagee State Forest. In 1998 c. 600 plants of M. 
gibberagee were recorded in Gibberagee State Forest (pers. comm. Janet Cavanaugh, NSW NPWS, on behalf of 
Dr Chris Dickman; ‘Determination for provisional listing of an endangered species on an emergency basis, 26 
May 1998). In 2019 approximately 150 plants remained (pers. comm. J. Brown, NSW Forestry corp., 18 June 
2020). Several reports indicate that this reduction may be due to the effects of forestry activities (Pugh 2017; 
NSW EPA 2019). A much larger population of at least 2,564 plants was surveyed in 2019 on private property 
immediately to the east of the State Forest (Copeland 2019) (Fig. 5). This population is not currently formally 
protected under a conservation stewardship agreement (Copeland 2019). 


The bushfire season of 2019-2020 burned most known plants of Melichrus gibberagee except for c. 10 plants 
close to a private residence. Six months post-fire, it was observed that all fire-effected M. gibberagee plants 
were dead, mostly with no remaining evidence of the plant (Copeland 2020 and pers. comm. J. Brown, June 
2020), indicating a ‘high temperature’ fire. Only two shoots, unverified, but possibly root suckers or seedlings 
of M. gibberagee have been observed since the fire (pers. comm. J. Brown, June 2020), despite significant 
rainfall. The fire-response of M. gibberagee is currently being monitored (Copeland 2020) but the post-fire 
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recovery prospects for this population are uncertain. Under the IUCN Red List criteria (IUCN Standards and 
Petitions Committee 2019) a status of “Critically Endangered B1(a&c)’ is recommended because M. gibberagee 
is only known from one area of less than 15 km? where it has 1 to 3 more-or-less contiguous subpopulations, 
combined with the recent extreme fluctuation in population size of mature individuals due to fire and other 


threatening processes. 
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Fig. 3. Melichrus gibberagee; isotype NE 109335. Seconds deliberately obscured. 
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Etymology: “Gibberagee is a local area name. Its etymology is no longer known, but it is likely rooted in 
Bundjalung language (pers. comm. M. Sharpe, 21 May 2020). 


Fig. 4. Melichrus gibberagee, A. habitat; layered open forest at the type locality (collection site of H.T. Kennedy 28) 
B. Fertile stem. Scale= 10 mm. Images by H.T. Kennedy. 
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Modified identification key 


A revised key to Melichrus in NSW FloraOnline (PlantNET 2020), modified to the minimum extent required 
to accommodate the two new species, is as follows: 


1 Leaves with margins partly or entirely long-ciliate, abaxial surface with long hairs on at least part 2 
of the surface. 


Leaves with margin and abaxial surface glabrous or scaberulous. 4 
2 Lamina apex 1.3—2.6 mm long, Tine, often broken, not pungent. Corolla rotate. Branchlets Melichrus procumbens 
SericeOuUs. 


Lamina apex 0.5—1.2 mm long, rarely broken, pungent or sub-pungent. Corolla cup-shaped or 3 
urceolate. Branchlets pilose. 


3. ~=Ascending shrub. Lamina abaxial surface evenly pilose all over. Corolla pink, cup-shaped. Melichrus hirsutus 


Erect shrub. Lamina abaxial surface sparsely pilose, with hairs distinctly longer and more Melichrus gibberagee 
numerous in the basal half of the lamina. Corolla white, urceolate. 


4 Leaves densely imbricate, erect and appressed over much of branch; margins more or less entire Melichrus adpressus 
and broad-hyaline towards base; Truit more or less globose, apex rounded 


Leaves mainly erect to subretlexed; margins evenly toothed, narrow-hyaline; truit depressed- 5 
globose, tlat-topped 


5 Sepals always tinged pink or red, glabrous except for ciliolate margins; tlowers pink to deep red, Melichrus erubescens 
corolla tube 2.5—-3.8 mm long; Truit cherry-red overall when ripe 


Sepals greenish white, more or less glabrous to velvety and with ciliate margins; tlowers white, Melichrus urceolatus 
cream or yellow-green, corolla tube 4—5 mm long; fruit 2-toned, whitish or purplish green, lower 
halt darker and matt, the upper lighter and subglossy 


A comprehensively reworked key will result from our revision of the genus. 


Acknowledgements 


We thank Catherine Alison for permission to collect M. gibberagee on her property; Josh Brown for facilitating 
field work in Gibberagee State Forest; Lachlan Copeland of Eco Logical Australia for his advice and comments 
on the manuscript; Margaret Sharpe, Michael Hislop and Fanie Venter for their advice; Rose Andrew for her 
comments on the manuscript; John Edwards and the Clarence Environment Centre, Oliver Marshall and Sangay 
Dema for assistance in the field; NSW National Parks and Wildlife Service for permission to collect on reserves; 
Clarence Valley Council for their permission to collect; and Neville Walsh and an anonymous reviewer for 
their constructive comments on the manuscript. This research was funded in part by the Australian Biological 
Resources Study (grant RG18-31) and enabled by the N.C.W. Beadle Herbarium, University of New England. 
Helen Kennedy acknowledges receipt of an Australian Government Research Training Program Scholarship and 
research funding from the School of Environmental and Rural Science, University of New England. 


References 


Brown, R (1810) “Prodromus florae Novae Hollandiae et Insulae Van-Diemen, exhibens characteres plantarum. 
(Johnson & Co: London) 

Cavanilles, AJ (1797) ‘Icones et descriptiones plantarum, quae aut sponte in Hispania crescunt, aut in hortis 
hospitantur. (Regia typographia: Madrid) 

CHAH (continuously updated) ‘Australian Plant Census. Available at https://biodiversity.org.au/nsl/ 
services/APC 

Copeland, L (2019) The distribution, abundance and threats of the endangered shrub Melichrus sp. ‘Gibberagee’ 
at “Tullymorgan Lodge, Eco Logical Australia. 

Copeland, L (2020) Melichrus sp. Gibberagee post-fire survey, Eco Logical Australia. 

Department of the Environment (2013) ‘Australias bioregions (IBRA), IBRA 7 (Commonwealth of Australia: 
Canberra, ACT): Available at http://www.environment.gov.au/land/nrs/science/ibra#ibra [Accessed 
04 April 2020]. 

Flora of Australia (1999) ‘Introduction. (ABRS/CSIRO Melbourne, Australia) 

Geoscience Australia (2020) ‘Australian and Region Surface Geology ° Available at http://maps.ga.gov.au/ 
interactive-maps/#/theme/minerals/map/geology [Accessed 16 May 2020]. 

Harden, GJ (1993) Additions and Corrections. In ‘Flora of New South Wales ° (Ed. GJ Harden.) Vol. 4 pp. 66. 


196 Telopea 23: 187-196, 2020 Kennedy, Telford, Crayn and Bruhl 


IUCN Standards and Petitions Committee (2019) ‘Guidelines for Using the IUCN Red List Categories and 
Criteria. Version 14. Available at http://www.iucnredlist.org/documents/RedListGuidelines.pdf. [Accessed 
22 June 2020]. 

NSW EPA (2019) ‘EPA fines Forestry Corp $16,500 for Gibberagee State Forest offence. Available at https:// 
www.epa.nsw.gov.au/news/media-releases/2019/epamedial90410-epa-fines-forestry-corp-$16500-for- 
gibberagee-state-forest-offence [Accessed 24 November 2020]. 

NSW Scientific Committee, 1995. Schedules 1, 2 & 3 (1995). Threatened Species Conservation Act 1995: 178 

PlantNET (2020) “The NSW Plant Information Network System. Available at http://plantnet.rbgsyd.nsw.gov.au 

Pugh, D (2017) ‘Preliminary Audit of the Endangered Narrow-leaf Melichrus in Gibberagee SF. Available at 
https://d3n8a8pro7vhmx.cloudfront.net/ncec/pages/187/attachments/original/1487758139/Gibberagee 
Melichrus_Audit_1_reduced.pdf?1487758139 

Quinn, FC, Williams, JB, Gross, CL & Bruhl, JJ (1995). Report on rare and threatened plants of north-eastern 
New South Wales. Report prepared for New South Wales National Parks and Wildlife Service and Australian 
Nature Conservation Agency. 

Radford, AE, Dickison, WC, Massey, JR, Bell, CR (1974) “Vascular plant systematics. (Harper & Row: New York) 

Stearn, WT (1992) ‘Botanical Latin: (Timber Press: Portland, Oregon) 

Telford, IRH, Bruhl, JJ (2020) Dodonaea crucifolia (Sapindaceae, Dodonaeoideae), a new species from north- 
eastern New South Wales, Australia. Telopea 23, 119-125. 

Thiers, B (2016) ‘Index Herbariorum: A Global Directory of Public Herbaria and Associated Staff: Available at 
http://sweetgum.nybg.org/science/ih/ 


Manuscript received 10 October 2020, accepted 13 November 2020 


= ate” 
T & ” ~ WG 
Volume 23: 197-203 E LO E | \ The Royal 


Publication date: 16 December 2020 : BOTANIC (SARDENS 
dx.doi.org/10.7751/telopeal 4433 Journal of Plant Systematics oh Pression Tease 


plantnet.rbgsyd.nsw.gov.au/Telopea ® escholarship.usyd.edu.au/journals/index.ohp/TEL ¢ ISSN 0312-9764 (Print) ¢ ISSN 2200-4025 (Online) 


Morphological data indicate the subspecies of 
Leionema elatius (Rutaceae) are not conspecific and 
both should be treated as species 


lan R. H. Telford and Jeremy J. Bruhl 


Botany and N.C.W. Beadle Herbarium, School of Environmental and Rural Science, 
University of New England, Armidale, NSW 2351, Australia. 
Author for correspondence: itelford@une.edu.au 


Abstract 


Morphological data show that the two subspecies currently assigned to Leionema elatius (Benth.) Paul 
G.Wilson (Rutaceae), namely L. elatius subsp. elatius and L. elatius subsp. beckleri (F.Muell.) Paul G.Wilson, 
are not conspecific and both should be treated as species. Leionema elatius subsp. beckleri is reinstated to the 
rank of species as L. beckleri (F.Muell.) 1.Telford & J.J.Bruhl. The distributions of both species are mapped and 
their conservation status discussed. Images comparing the morphological attributes of the two species and 
a table comparing selected attributes of the species and the newly described L. praetermissum P.R.Alvarez & 
Duretto are presented. Modifications to a key to species of Leionema found in New South Wales and south- 
eastern Queensland are provided. 


Introduction 


Leionema (F.Muell.) Paul G.Wilson is an Australasian genus of Rutaceae consisting of 28 named species 
(Wilson 1998; Alvarez and Duretto 2019). The Australian species are confined to south-eastern Australia 
except for a single species restricted to a mountain in northern Queensland. The only extra- Australian species, 
L. nudum (Hook.) Paul G.Wilson, occurs on Aotearoa/New Zealand's North Island (Wilson 1998). 


The type of Eriostemon elatior F.Muell. (Mueller 1875), basionym of Leionema elatius (F.Muell.) Paul G.Wilson 
(Wilson 1998), was collected by Charles Stuart during the first extensive collections in New England in the 1850s 
for Ferdinand Mueller. Mueller (1875) also named Eriostemon beckleri FMuell., based on a collection by Herman 
Beckler from the Clarence River catchment. In his revision of Phebalium, Wilson (1971) treated these taxa as 
conspecific, the view maintained when they were transferred to Leionema (Wilson 1998). In his treatment of 
Leionema for the Flora of Australia project, Wilson (2013) referred all collections of L. elatius, except for those 
from Mount Lindesay, McPherson Range, on the Queensland—New South Wales border, to L. elatius subsp. 
elatius, and the Mount Lindesay population to L. elatius subsp. beckleri (EMuell.) Paul G.Wilson. 


During field work in 2006 on Roberts Range, west of Tenterfield on the north-western edge of the New 
England Tableland, a population of Leionema elatius had been found that was morphologically different from 
the common variant of more humid habitats to the east. The site lay c. 3 km to the north-east of ‘Clifton, 
the homestead where Stuart was gardener at the time of his collection of the type of Eriostemon elatior. 


© 2020 Royal Botanic Gardens and Domain Trust 
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Investigation of morphological variation in L. elatius was undertaken over the range of the species to test the 
current application of infraspecific nomenclature. 


Materials and methods 


The study is largely based on specimens held in the N.C.W. Beadle Herbarium (NE). Type specimens were 
viewed online at JSTOR Global Plants (https://plants.jstor.org; accessed 7 Oct 2020). Images of critical 
collections from Mount Lindesay and Mount Ernest that display variation in leaf morphology were provided 
by the Queensland Herbarium. Micromorphology of specimens at NE was examined using a Wild MZ8 
stereomicroscope with a 1.0x Leica planapo lens and Leica LED light source. 


In the taxonomy of Australian Rutaceae, a morphological or phenetic species concept has generally been applied, 
with species defined by suites of covarying attributes (Stuessy 1990). The rank of subspecies is often conferred 
on a group of populations within a species that “show slight and often intergrading morphological differences as 
well as some geographic, ecological, and/or phylogenetic distinctions’ (Simpson 2010: 660). Standardisation of 
the application of rank in closely related genera in Rutaceae tribe Boronieae, particularly the use of subspecies, 
was initiated by Forster (2013a, 2013b). In assessing the application of rank in Leionema elatius sens. lat., the 
same criteria for defining rank are followed here, and we use morphology to identify discontinuities that indicate 
species boundaries, consistent with the unified species concept (De Queiroz 2007). 


Distributional data for the taxa are recorded in bioregions following the Department of the Environment (2013) 
Australias bioregions (IBRA), IBRA7, Commonwealth of Australia (http://www.environment.gov.au/land/nrs/ 
science/ibra#ibra; accessed 20 July 2019) to convey biogeographical information. Whereas, in the citation of 
specimens, botanical or pastoral districts in use by the relevant herbaria are used to facilitate curation. 


Assessment of the conservation status of species involved the IUCN Standards and Petitions Subcommittee 
(2019) Guidelines for Using the IUCN Red List Categories and Criteria. Version 14. http://www.iucnredlist. 
org/ documents/RedList Guidelines.pdf (accessed 10 Sep 2020). 


Results and Discussion 


Leionema elatius subsp. elatius, L. elatius subsp. beckleri (Wilson 1998) and the morphologically similar and 
newly described L. praetermissum P.R.Alvarez & Duretto (Alvarez and Duretto 2019) can be unambiguously 
distinguished on the basis of stem, leaf, flower, fruit and seed characters. Vegetative features alone allow 
effective separation of the three taxa: verrucose stems and petioles appressed to the stem in L. elatius subsp. 
elatius and L. praetermissum, while L. elatius subsp. beckleri has stems that are not verrucose and petioles that 
are spreading from the stem. Each of the taxa has distinctive leaf apices: obtuse to rounded in L. elatius subsp. 
elatius, emarginate in L. elatius subsp. beckleri, and acute in L. praetermissum. We also report novel, diagnostic 
characters for the three taxa: presence verses absence and form (when present) of a tuft of stellate hairs at the 
apex of the leaf midrib (Table 1). Figure 1 allows comparison of the two currently recognised subspecies of 
Leionema elatius. The weight of morphological differences, geographic separation and lack of intermediates 
indicate that Leionema elatius subsp. beckleri should be reinstated to the rank of species. 


Images of collections from Mount Lindesay that were regarded by Wilson (2013) as the only extant Leionema 
elatius subsp. beckleri, and a specimen from the neighbouring Mount Ernest, allowed comparison with the 
type. Leaves exhibited by these McPherson Range collections were ovate, 4-15 mm long. Similar small-leaved 
specimens have been collected from several exposed, higher altitude sites on the Northern Tablelands escarpment 
in New South Wales including Hamburger Rock, Guy Fawkes River National Park, and Paradise Rocks, Oxley 
Wild Rivers National Park. Such foliar morphology is consistent with Beckler’s type collection. There appears to 
be clinal variation with reduction in leaf size, plant stature and inflorescence complexity with increasing exposure. 


The presence of intergrading forms (Stebbins 1950) and grouping of populations with distinct regional facies 
(Stace 1989) are important criteria for the use of the rank of subspecies. We have seen specimens from across 
the geographical and ecological range of L. elatius sens. lat., with some gatherings displaying considerable 
variation in leaf size—including the type of L. beckleri—but we have not seen specimens that would reasonably 
be interpreted as intermediate between L. elatius and L. beckleri. 


In the protologue of the L. praetermissum P.R.Alvarez & Duretto (Alvarez and Duretto 2019), the authors 
suggested L. elatius as the probable closest relative. From Table 1, it is apparent that L. praetermissum, L. elatius 
sens. str.and L. beckleri are morphologically very similar. A comprehensive molecular phylogeny of the genus, 
including these species, is needed to test hypotheses based on morphological similarity. 
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Table 1. Comparison of selected morphological attributes of Leionema elatius subsp. elatius, L. elatius subsp. beckleri and 


L. praetermissum. 


Character 
Stem surface 


Stem indumentum 


Petiole orientation 
Leaf width (mm) 
Leat apex 


Leat midrib apex 


Petal orientation 
Coccus length (mm) 


Seed length (mm) 


L. elatius 
verrucose 


dense minute stellate and simple 
hairs 


appressed to stem 
2—3(—A) 
obtuse—rounded 


with a tuft of short, stout stellate 
hairs 


slightly incurved 
3.5-3./ 
2.8-3.2 


L. beckleri 
not verrucose 


dense minute stellate hairs 


spreading 
3-11.5 
emarginate 


with a tuft of long stellate hairs 


retlexed, the apex incurved 
2.8-3.2 
1.8-2.3 


L. praetermissum 
verrucose 


Sparse minute stellate and simple 
hairs 


+appressed to stem 
2-3 
acute 


glabrous (epidermals colliculate) 


+slightly incurved 
3-4 
c.'5 


Fig. 1. Branchlets and flowers of Letonema elatius and L. beckleri. A, C L. elatius (from Telford 13518 & Rose); 
B, D L. beckleri (from Telford 13529). Scale bars=2 mm, Images by J.J. Bruhl. 
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Taxonomy 


Leionema elatius (EMuell.) Paul G.Wilson, Nuytsia 12: 273 (1998) 

Basionym: Eriostemon elatior F.Muell. Fragmenta phytographiae australiae 1(8): 181 (1859) 
Phebalium elatius (EMuell.) Benth. Flora australiensis 1: 340 (1863). 

Type citation: “In tractu elato New England prope Tenterfield. C.St- 


Type: New South Wales: New England, C. Stuart 153; lectotype (here corrected from holotype): MEL 4700 
(image seen); probable isolectotypes: K (K 000717345, K 000717346 [excluding fruiting specimen, which we 
treat as a residual syntype], MEL (MEL 4698) (images seen). 


Shrub to 3.5 m. Branchlets with dense minute stellate and simple hairs, conspicuously verrucose with brown 
oil glands. Leaves with petiole c. 1 mm long, appressed to stem; lamina narrowly elliptic or narrowly obovate, 
4-18 mm long, 2-2.8 mm wide, base cuneate, apex rounded to obtuse, mucronate with a tuft of short, stout, 
stellate hairs, margins minutely crenulate towards apex, discolorous, adaxial surface shiny dark green, abaxial 
surface paler green, both surfaces punctate with oil glands. Inflorescence of 2-5-flowered umbels and solitary 
flowers in the upper leaf axils, the leaves subtending the umbels slightly reduced, the solitary flowers in the 
extreme upper axils subtended by elliptic bracts 1.5-3 mm long; peduncles 3.5-8 mm long, with minute 
white stellate and simple hairs and sparsely verrucose with brown oil glands; pedicels 3-4.4 mm long, with 
minute white stellate and simple hairs subtended by elliptic bracts 1.3-2 mm long; the solitary flowers with 
scapes 5-5.7 mm long bearing 2 elliptic bracteoles similar to the bracts subtending the pedicels of the umbels 
(probably indicating a reduced umbel). Flowers 5-merous. Calyx shallowly cup-shaped, 5-lobed; lobes broadly 
triangular, c. 0.5 mm long, ciliate with simple white hairs, abaxially sparsely verrucose. Petals free, ascending to 
spreading, narrowly elliptic, 3.7—4.3 mm long, 1.2-1.5 mm wide, slightly incurved, apex mucronate, incurved, 
margins incurved, white, green glandular punctate abaxially. Stamens 10, opposite and alternating with the 
petals, slightly spreading; filaments terete, 4-5.2 mm long, glabrous; anthers elliptic, 0.6-0.8 mm long, white. 
Disc cylindroidal, c. 1 mm long, 0.7 mm diam., red—purple. Ovary subglobose, 0.8-1 mm long, c. 0.8 mm 
diam., red—purple, 5-locular, the locules erect, mostly free, fused at their bases, minutely glandular punctate; 
style terete, 3.5-3.7 mm long, white; stigma scarcely enlarged, green. Fruit of up to 5 spreading cocci; coccus 
+ellipsoidal, 3.5-3.7 mm long, 2—2.2 mm wide, sometimes with an apical lateral obtuse beak c. 0.3 mm long, 
green with brown punctate oil glands. Seeds compressed ellipsoid—obovoid, 2.8-3.2 mm long, +smooth, black; 
elaiosome c. 1 mm long, white. 


Distribution: Leionema elatius is known from a single extant population in the New England Tableland 
Bioregion (Department of the Environment 2013) on the Donnybrook Plateau, Roberts Range, c. 30 km WNW 
of Tenterfield, New South Wales. This site is c. 3 km from where Charles Stuart lived and worked. The only 
known gatherings of this species are Stuarts and ours. Whether they were one and the same site is unknown, 
but if not, they are most likely from the same range. 


Habitat: the only known population occurs in a rocky gully at 1000 m altitude where the species grows in 
Eucalyptus scoparia shrubby woodland with Bertya cunninghamii subsp. rupicola, Allocasauarina littoralis and 
Prostanthera sp. Bald Mountain (M.S. Clemens AQ336575) on metasediments. 


Specimens examined: AUSTRALIA: New South Wales: Northern Tablelands: New England, leg. ign. [probably 
C. Stuart] (NSW 69930); Roberts Range, c. 27 km WNW of Tenterfield, c. 5.8 km SW of Donnybrook trig, 
20 Dec 2006, Telford 13131, Bruhl, Badham & Caldwell (BRI, CANB, NE, NSW); ibid, Oct 2012, Sadgrove 
305 & Telford (MEL, NE, NSW); CULTIVATED: Armidale, N.S.W. ex Roberts Range, c. 27 km WNW of 
Tenterfield, 20 Sep 2017, Telford 13518 & Rose (BRI, CANB, CHR, MEL, NE, NSW). 


Phenology: flowering September. Fruit collected December. 


Conservation Status: Leionema elatius is currently known from a single population of three mature individuals 
(pers. obs.). Since Stuart's type collection in the 1850s, only two additional specimens, both in fruit, have been 
made until our rediscovery in 2006. One specimen is at Kew and was made by Stuart (see above), and there is a 
second at NSW, formally from Mueller’s Herbarium at MEL, that was collected from New England but has no 
collector or date information. This collection was likely made by Charles Stuart from the same population as 
the earlier flowering type material and may be a duplicate of the residual syntype material at Kew. As discussed 
above, the type locality was probably close to this site, making the species extremely restricted. No collections 
from the wild other than the type collections and Telford 13131 and Sadgrove 305 are known. We cautiously 
suggest that the species meets the criteria for listing as “Critically Endangered” (IUCN 2019). We do not know 
whether the population has been diminished by recent drought or whether it has been subjected to fire since 
2006. Clearly, anthropogenic climate change is a threat to the species. The population lies on freehold property 
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adjacent to Donnybrook State Forest and the species is not known to be represented in any conservation 
reserve. Searches should be conducted in similar habitats along Roberts Range and in the nearby Sundown 
National Park, Queensland, as a matter of priority. 


Lectotypifcation: Two sheets made of collections by C. Stuart are held in MEL. One sheet (MEL 4700) with 
one branch has Stuarts field tag attached with “Phebalium ¢ 153 6-8 ft Mts 1000 ft” and another label with 
“Eriostemon elatior F von Mueller New England C. St? in Muellers handwriting. This sheet was annotated 
as “holotype” by P.G. Wilson, 7 May 1965. Here we correct the status of ‘holotype’ to ‘lectotype’ according 
to the Code, Art. 9.10 (https://www.iapt-taxon.org/nomen/pages/main/art_9.html). A second sheet (MEL 
4698) with two branches has a possible field tag with “153 Phebalium elatior RM. and a label in Mueller's 
handwriting with “Eriostemon elatior F. M. New England C. St.. This sheet was annotated as “isotype” by 
P.G. Wilson, 7 May 1965, which we correct to isolectotype. One sheet with two accession numbers and three 
separate sprigs is held in K. KO00717345 has a single flowering sprig demarcated by pencil lines on the sheet. 
K000717346 has one flowering and one fruiting sprig. It appears that the two flowering sprigs are likely one 
gathering, and duplicates of the C. Stuart collection held at MEL and discussed above, and the fruiting sprig 
represents a later collection. 


Leionema beckleri (F.Muell.) I. Telford & J.J.Bruhl comb. et stat. nov. 

Basionym: Eriostemon beckleri F.Muell., Fragm. 9: 109 (1875) 

Phebalium beckleri (F.Muell.) Engl. in Engl. & Prantl (eds) Nat. Pflanzenfam. III 4: 141 (1896) 
Phebalium elatius subsp. beckleri (FMuell.) Paul G. Wilson Nuytsia 1: 106 (1970) 

Leionema elatius subsp. beckleri (F.Muell.) Paul G.Wilson, Nuytsia 12: 273 (1998) 

Type citation: “Prope origineni fluminis Clarence-River, H.Beckler’. 


Type: New South Wales: McLennans Creek, Clarence River, H. Beckler; lecto (here designated): MEL 4589 
(image seen); isolecto: NSW 69929 n.v. 


Shrub to 3.5 m. Branchlets densely white stellate hairy, raised oil glands absent. Leaves with petiole 1.5-3.5 
mm long, spreading; lamina spathulate, narrowly obovate or obovate, (4-)15-40 mm long, 3-11.5 mm 
wide, base cuneate, distally crenulated; emarginate, rarely rounded with a tuft of long, stellate hairs at tip 
of midrib, discolorous, adaxial surface shiny dark green, abaxial surface paler green, both surfaces punctate 
with oil glands. Inflorescence terminal, of 6-14-flowered simple or compound umbels in the upper axils, the 
subtending leaves becoming reduced; peduncles 4-15 mm long with white stellate hairs; pedicels 2.3-4.5 mm 
long with white stellate hairs. Flowers 5-merous. Calyx shallowly cup-shaped, 5-lobed; lobes broadly triangular, 
c. 0.5 mm long, ciliate with simple white hairs, abaxially sparsely verrucose. Petals free, spreading to reflexed, 
narrowly elliptic, 3.5-4.3 mm long, c. 1.2 mm wide, plane, with an incurved apiculate apex, white to cream, 
green glandular punctate abaxially. Stamens 10, opposite and alternating with the petals, slightly spreading; 
filaments terete, 3.8—5.2 mm long, white; anthers elliptic, 0.6-0.8 mm long, white. Disc cylindroidal, c. 0.7 mm 
long, c. 0.7 mm diam, reddish. Ovary subglobose, 0.8-1 mm long, c. 0.8 mm diam., pale green or tinged 
red, 5-locular, the locules erect, mostly free, fused at their bases, minutely glandular punctate; style terete, 
2.5-2.8 mm long, white; stigma scarcely enlarged, green. Fruit of up to 5 spreading cocci; coccus compressed 
spherical, 2.8-3.2 mm long 2.6-—3 mm wide, with an apical lateral acute beak c. 1 mm long. Seeds compressed 
ellipsoid—obovoid, 1.8-2.3 mm long, +smooth, black; elaiosome c. 1 mm long, white. 


Distribution: Leionema beckleri occurs in the SE Queensland, NSW North Coast and New England Tablelands 
Bioregions (Department of the Environment 2013) from the McPherson Range, Queensland, southwards 
along and to the east of the Northern Tablelands escarpment to near Bulahdelah, New South Wales. 


Habitat: the species grows in a variety of vegetation communities including shrubby open forest with Eucalyptus 
campanulata, E. oreades or E. pilularis dominant, often adjacent to rain forest, and in shrub communities with 
Leptospermum spp. on the more exposed sites on a variety of substrates including basalt, acid volcanics, granite 
and metasediments at 300-1150 m altitude. 


Selected specimens examined: AUSTRALIA: Queensland: Moreton District: McPherson Range, Binna 
Burra—Coomera Falls track, c. 5 km from Binna Burra, 3 Sep 1973, Telford 3340 (CBG); Springbrook, Canyon 
Lookout, 23 Jul 2003, Dare 134 (BRI, CANB, NE); summit of Mount Lindesay, 10 Oct 1932, Stewart (BRI image 
seen); Mount Lindesay, base of cliff lines, 26 Oct 1992, Forster PIF12173 & Leiper (BRI image seen, MEL n.v.); 
1.5 km WSW of Mount Ernest, 7 Aug 1999, Halford Q3826 (BRI image seen). New South Wales: Northern 
Tablelands: Paradise Rocks, 300 m NE of trig point, on ridge, Oxley Wild Rivers National Park, 10 Nov 2015, 
Duretto 4030 & Collins (CANB n.v., NE, NSW n.v.); Oxley Wild Rivers National Park, 1.2 km ESE of “The 
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Rocks, 1.5 km NE of Green Gully, 31 Jan 2007, Copeland 4163 & Thomas (BRI n.v., CANB n.v., NE, NSW 1.¥.). 
North Coast: Minyon Falls, at lookout, Nightcap National Park, 25 Oct 2005, Johnstone 1577 (K n.v., NE, NSW 
n.v.); Nymboi-Binderay National Park, Nymboida River, Cod Hole, 9 Sep 2006, Telford 12940 e& Bruhl (BRI, 
CANB, CHR, EIU, HO, MO, NSW, PERTH); Guy Fawkes River National Park, Hamburger Rock, Chaelundi 
Road, 23 Sep 1995, Metcalfe NE105237 (BRI n.v., CANB n.v., MEL n.v., NE, NSW n.v.); Coorabakh National 
Park, Big Nellie Road, c. 20 km NW of Coopernook, 29 Aug 2000, Bruhl 1908, Telford & Fatemi, 29 Aug 2000 
(MEL, NE, NSW); Tapin Tops National Park, Rowleys Rock Lookout,10 May 2014, Telford 13453 & Bruhl 
(BRI, NE, NSW); Barrington Tops National Park, Gloucester Tops, Gloucester Falls, 30 Dec 2017, Telford 
13527 (BRI, CANB, MEL, MO, NE, NSW). 


Phenology: Flowering May—September; fruit collected October—January. 


Conservation Status: Leionema beckleri is widespread and common and considered to be of “Least Concern’. 
Conserved in Queensland in Lamington, Springbrook and Mount Barney National Parks, and in New South 
Wales in Border Ranges, Nightcap, Washpool, Nymboi-Binderay, Guy Fawkes River, Dorrigo, New England, 
Werrikimbe, Oxley Wild Rivers, Tapin Tops, Coorabakh and Barrington Tops National Parks. 


Notes: The herbarium label of the sheet designated as lectotype above, MEL 4589, has “McLennans Creek, 
Clarence River” in Mueller's handwriting. 


Plants show considerable variation in leaf morphology, apparently related to habitat. Collections from more 
exposed sites including Mount Lindesay, McPherson Range, on the Queensland —- New South Wales border, 
adjacent Mount Ernest, and Hamburger Rock and Paradise Rocks on the eastern escarpment of the New 
England Tableland of New South Wales exhibit a reduced stature and smaller leaves (4-15 mm long) than 
most collections from over the range of the taxon (to 40 mm long). Some small-leaved specimens have been 
identified as Leionema elatius subsp. elatius. 
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Fig. 2. Distributions of Leionema elatius 4; L. beckleri ©, based on Australasian Virtual Herbarium data (avh.chah.org.au; 
accessed 2 Oct. 2020) 
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Modification to the key to species of Lelonema found in New South Wales and 
south-eastern Queensland, adapted from Alvarez and Duretto (2019) 


Vee SCG NES Ao AMMA ONO 9 Cras Gruber eescescloctaxeleaed Harstasatoquaagnyag ous tcvekecesseresacenascvys reat las bou oss esc Ceuteatdoseteuhsatasatetty sp inant? 18 
FR WC AVES LS TTA HOP icc aelc gases cececqac tgnut yest oeatuacescetecguauysaapeared sees teattaa ged cebcvsbcanetgs tom teuecguesguuueotoeskg.cseceteeaswageaegtas 20 
TS: uaes SL Pt Ae oi ses ccceadgn oectetecatucaisnaehcactaseversbarederphenutenpbbedsdedavabenehénnececnsyentanatovadan st Leionema beckleri 
LBs WeQawre ss 23 (=) 111d VTE, sieexsvcouy chovioncccecssadeesde sade doubansbovebesd Uvsy ead tach baaliaud LastZecdGindiasbesadevchie ie wrote en evel 19 
19 Stems densely hairy; leaf apex obtuse—rounded ....... eee cssssessecetseeseceecceeeseceeceeeeeseeseaseneees Leionema elatius 
19: Stems.sparsely hairy; leat apex acute ........c.-oesssssesossenresrensevsrenseneeesesnventenseneeanvens Leionema praetermissum 
DON (SCO VTS: PURO Sts crs 24257,06s crn gnabatiea sedans sasienehoaacabateshapseapae hace tenaned abeadlagtagcdagetageasagntesa teateee a hEaRaRERE SS: Leionema gracile 
20: Semis with stellate Wars’ cse.acs.cscsnasansaunavacaegenessanceaeadneacana ganeannedad.igag4aaa anes shp4gheadeda pede Prandyansonancaansaunconeaneensanneesaeas 21 
21 Stemsverrucosesleaves 2=4-1ii nt WAGE ual iiss was Ww odialelalrandandhuetrandauceniasinnnnasan Leionema lamprophyllum 
Zl; Stems not Vvericose leaves A =O TI NiWitlen,,., $.0fec ead ealorarebeteenns suns sesuthossessdae eens puadeverlanlads tecesnensepensevese camo lnales 22 
22: Leaves distally crenulated; apex of midrib with a tuft of stellate hairs... eee: Leionema beckleri 
22: Leaves distally rounded; apex of midrib glabrous .......... ce eeeceeeeceseeseeseeteeeeneesees Leionema rotundifolium 
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Abstract 


Paranotis halfordii K.L.Gibbons & S.J.Dillon, a new species from the Dampierland and Central Kimberley 
bioregions of Western Australia, is here described. Paranotis Pedley ex K.L.Gibbons was recently described to 
include some Australian species previously included in Oldenlandia L. A key to the species of Paranotis is provided. 


Introduction 


In their treatment of Hedyotis L. for the Flora of the Kimberley Region, Koch and Halford (1992) recognised the 
phrase name Hedyotis sp. B., with four included collections. Halford (1992) subsequently recognised Hedyotis 
and Oldenlandia L. as separate genera, placing Hedyotis sp. B in O. mitrasacmoides (F.Muell.) EMuell. subsp. 
mitrasacmoides based on its relatively short corolla tubes, but noting that additional collections were needed 
to assess its status. A recent molecular phylogenetic study aimed at resolving generic limits in the Australian 
members of Hedyotis, Oldenlandia and related genera (Gibbons 2020) found this variant to be genetically 
distinct from allied species. Subsequent morphological examination of collections held at CANB, NSW and 
PERTH supported the recognition of this taxon as a distinct species, described below as Paranotis halfordii 
K.L.Gibbons & S.J.Dillon. Paranotis Pedley ex K.L.Gibbons is one of two endemic Australian genera newly 
recognised to accommodate species formerly included in Oldenlandia, with new combinations for Australian 
taxa also having been made in Scleromitrion (Wight & Arn.) Meisn. (Gibbons 2020). A key to the species of 
Paranotis is provided. For a key to the genera of Spermacoceae (Rubiaceae) in Australia (excluding Spermacoce 
and related naturalised genera) see Gibbons (2020). 
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Methods 


All measurements are based on dry material from specimens at CANB or PERTH, except for measurements 
of stamens, stigma and styles, which were taken from spirit collections at PERTH. Seeds of P. halfordii and 
P. mitrasacmoides (F.Muell.) K.L.Gibbons subsp. mitrasacmoides were coated with gold using a JEOL Smart 
Coater and imaged with a JEOL JCM 5000 NeoScope desktop SEM. For molecular, sequence alignment and 
phylogenetic methods, see Gibbons (2020). 


Key to the species of Paranotis 


1. Stigma narrowly conical and included within corolla tube; stamens included within or partly 


OX SOMCCE DEY ONG COPIA C4 vnvsnevnsexensehvvebrvrsinivancvabceraa ter tev nencvenentrded sae teandsxade cadennwanunsdunroneneansesbivvarioai on crexmiaansie e 
1: Stigma bifid, exserted beyond corolla tube; stamens partly or completely exserted beyond 

GOON AUT seacyedurecatenmetenrcesteceiattes cnt tuster restart ceutubntciseacectn crsarmrastadsnedsee entemanea er eetaett tent chet chevesameemaremaee eoweaheaaceace 3 
2. Corolla lobes 1.0-1.5 mm long; capsule 2.0—2.5 mm wide; seeds depressed obconic..............+ P. kochiae 
2: Corolla lobes 1.5-3.0 mm long; capsule 2.5-3.5 mm wide; seeds scutelliform............ cesses P. halfordii 


3. Pedicels stout, unequal in length within an inflorescence; capsule depressed obovoid, 
deeply furrowed along dissepiment, beak emarginate; ovules 2-6 per locule........ eee: P. pterospora 


3: Pedicels slender, + equal in length within an inflorescence; capsule subglobose, 
ovoid-globose or depressed obovoid, slightly furrowed at dissepiment, beak rounded 
Oririncate: ovilesss IU PerIGCune Tn 1h wa cateanvedeladelucundvnceslec ace letiles Ma lerapebapeemnasusasisall sails P. mitrasacmoides 


Note. Modified, in part, from Halford (1992), which includes a key to the subspecies of P mitrasacmoides (as 
O. mitrasacmoides). The ‘beak refers to the portion of the capsule beyond the insertion of the persistent calyx lobes. 


Taxonomy 


Paranotis halfordii K.L.Gibbons. & S.J.Dillon, sp. nov. 


Type: One Arm Point, N Dampier Peninsula, Kimberley Coast, Western Australia, 25 March 1989, B.J. 
Carter 365 (holo: PERTH 03841553, including associated spirit material; iso: CANB). 


Hedyotis sp. B, Koch BL, Halford DA in Wheeler JR (ed.) Flora of the Kimberley Region p. 919 (1992) 


Hedyotis sp. B Kimberley Flora, Western Australian Herbarium, in FloraBase https://florabase.dpaw.wa.gov.au/ 
(Accessed 17 Nov. 2020) 


Oldenlandia sp. B Kimb. Flora, Kenneally KF et al., Broome and Beyond p. 175 (1996) 


Oldenlandia sp. E One Arm Point (B.J. Carter 445), Western Australian Herbarium, in FloraBase 
https://florabase.dpaw.wa.gov.au/ (Accessed 17 Nov. 2020) 


Oldenlandia sp. F Barred Creek (PR. Foulkes 79), Western Australian Herbarium, in FloraBase 
https://florabase.dpaw.wa.gov.au/ (Accessed 17 Nov. 2020) 


Oldenlandia mitrasacmoides (F.Muell.) F.Muell. subsp. mitrasacmoides pro parte, sensu Halford, Austrobaileya 
3: 704 (1992) 


Illustrations: Koch BL, Halford DA in Wheeler JR (ed.) Flora of the Kimberley region p. 917, Fig. 282 (M,—M.), 
as Hedyotis sp. B (1992); Kenneally KF et al., Broome and Beyond p. 175, as Oldenlandia sp. B Kimb. Flora (1996). 


Erect annual herbs to 50 cm high, mostly little-branched from base. Branchlets terete or weakly ribbed, 
hispidulous on ribs near base of plant, glabrous above. Stipules interfoliar, adnate to leaf bases, membranous, 
1-3 mm long, glabrous; margins entire or with 2 or 3 laciniate or lacerate lobes to 0.2 mm long. Leaves opposite, 
sessile, linear, 10-50 mm long, up to 1 mm wide, glabrous; apex acute; margins entire, recurved. Inflorescences 
lax, terminal, paniculiform cymes; peduncles unbranched or irregularly dichasially branched, reduced to a 
single lateral at the ultimate branchlets; flowers paired (rarely 1 or 3) at nodes; bracts leaf-like, triangular or 
ovate, 0.5-1.0(-2.0) mm long, glabrous. Pedicels 5-15 mm long, + equal in length within an inflorescence, 
glabrous. Flowers homostylous; perianth and androecium 4-merous. Hypanthium hemispherical, 0.7-1.8 mm 
long, 1.0-1.5 mm wide, glabrous. Calyx persistent, glabrous; lobes triangular, 0.5-1.5 mm long; margins 
smooth or scabridulous; colleters not observed. Corolla salverform, pink-mauve; abaxial surface glabrous; 
adaxial surface glabrous apart from a dense line of hairs just inside throat, trichomes c. 0.7—1.0 mm long; tube 
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c. 0.6-1.0 mm long, c. 1-2 mm wide; lobes ovate or elliptical, 1.5-3.0 mm long, aestivation valvate. Stamens 
adnate to corolla tube, inserted at or below sinuses, + included within or partly exserted beyond corolla tube; 
filaments 0.4-0.7 mm long; anthers dorsifixed, linear-oblong, 0.6-0.8 mm long. Ovary bilocular, 4/5 inferior, 
subglobose; placenta globose, peltately attached towards base of septum; ovules many. Style c. 0.2-0.3 mm long; 
stigma narrowly conical, c. 0.8-1.0 mm long, included within corolla tube. Capsule crustaceous, depressed 
obovoid, somewhat laterally compressed, slightly furrowed at septum, 1.5-2.5 mm long, 2.5-3.5 mm wide, 
glabrous with a loculicidally dehiscent beak; beak broad, rounded or slightly emarginate, 0.5-1.0 mm long, 
usually equal to or protruding beyond calyx lobes. Seeds many, scutelliform, with hilum on prominent ventral 
ridge, broadly elliptic in outline, light brown, 0.7-0.9 mm long, 0.5-0.6 mm wide, with a thinned rim; margin 
sometimes slightly incurved; testa reticulate-areolate or slightly reticulate-foveolate. (Figs 1, 2, 3a). 


Fig. 1. Paranotis halfordii a. habit (sketch); b. habit (in three sections); c. flower, one corolla lobe removed; d. conical stigma 
and triangular sepals; e. immature capsule. Scale: a = 15.1 cm; b = 50mm; c = 3.33mm; d = 1.6 mm; e = 2.5mm. From 
A.A. Mitchell 6093, CANB (a, b) and B.J. Carter 615, PERTH 2886030 spirit material (c, d, e). Illustration by C. Wardrop. 
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Fig. 2. Paranotis halfordii, showing flowers, immature capsules and inflorescence branching. Image by R.L. Barrett, from 
R.L. Barrett 7828, M.D. Barrett & B. Anderson. 


Fig. 3. a. Paranotis halfordii seed, adaxial surface, showing the prominent ventral ridge and thinned rim. b. Paranotis 
mitrasacmoides seed, adaxial surface, showing the prominent ventral ridge and thickened, incurved rim. Scale bars 
= 0.2 mm. Images by S.J. Dillon, from K.E Kenneally 11870 (A) and PR. Foulkes 409 (B). 


Diagnostic features: Paranotis halfordii may be distinguished from all other species of Paranotis by the 
following combination of characters: corolla tube up to 1 mm long; corolla lobes 1.5-3.0 mm long; stigma 
included within corolla tube and narrowly conical; capsule depressed obovoid; seed scutelliform with hilum 
on a prominent ventral ridge and a thinned rim. 


Other specimens examined: WESTERN AUSTRALIA: [Precise localities withheld] ENE of Broome, 
4 Apr. 2013, R.L. Barrett 7828, M.D. Barrett e& B. Anderson (PERTH); Mount Anderson, 12 Feb. 1953, 
H.F. Broadbent 658 (PERTH); One Arm Point, N Dampier Peninsula, 29 Mar. 1991, B.J. Carter 445 (PERTH); 
One Arm Point, 28 Feb. 1993, B.J. Carter 615 (PERTH); One Arm Point, Dampier Peninsula, W Kimberley, 
24 Apr. 1993, B.J. Carter 640 (PERTH); 27 May 2007, G. Dowden GD 074 (PERTH); Dampierland Peninsula, 
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West Kimberley, 24 Feb. 1985, PR. Foulkes 79 (PERTH); E of Broome, 26 Jun. 1997, K.E Kenneally 11870 
(PERTH); near One Arm Point, 4 Apr. 2000, A.A. Mitchell 6093 (CANB, DNA); Camballin, May 1970, Y. Power 
872 (PERTH, one element on left of sheet, mixed collection with P. mitrasacmoides subsp. mitrasacmoides). 


Phenology: Flowering from February to May. Fruiting from February to June. 


Distribution and habitat: Most collections of P halfordii are from Western Australias Dampier Peninsula and 
surrounds (Pindanland subregion, Dampierland bioregion; Department of the Environment and Energy 2013) 
(Fig. 4). The species has also been collected from the Central Kimberley bioregion (G. Dowden GD 074). Two 
Fitzgerald collections also from the Central Kimberley bioregion (Fitzgerald 836, PERTH; Fitzgerald 949, PERTH) 
are doubtfully attributable to P halfordii because they lack flowers. The distribution of P halfordii is generally 
south-west of that of P mitrasacmoides subsp. mitrasacmoides in Western Australia. Three PERTH collections of 
P. mitrasacmoides subsp. mitrasacmoides from Broome and nearby 24 Mar. 1985, PR. Foulkes 188; 23 Mar. 1986, 
PR. Foulkes 409; Feb. 1890, J.W.O. Tepper 345), and a mixed collection of P halfordii and P. mitrasacmoides subsp. 
mitrasacmoides from Camballin (Y. Power 872, cited above) are exceptions to that pattern. 


LI 
7 a 
} LJ 
O 
& 
O 
| 
Broome | OO , 
Fitzroy Crossing 
0 50 100 150 200 km 


Fig. 4. Known geographic distribution of Paranotis halfordii (circles). Western Australian distribution of P mitrasacmoides 
subsp. mitrasacmoides (squares) shown for comparison. 


The habitat of P halfordii is incompletely known but collection notes suggest that it occurs in moist, sandy 
soils in herbfields, including sandflats near waterways (Fig. 5), and on rocky sandstone clifftops. Observed 
in herb fields dominated by tall annual grasses and scattered shrubs, with mixed perennial grasses, in 
association with Acacia tumida var. kulparn, Alloteropsis semialata, Aphyllodium parvifolium, Byblis guehoi, 
Calandrinia quadrivalvis, Calandrinia strophiolata, Chrysopogon fallax, Dolichandrone occidentalis, Drosera 
broomensis, Eriachne obtusa, Eriachne pindanica, Goodenia lamprosperma, Lindernia cleistandra, Hibiscus 
apodus, Murdannia graminea, Phyllanthus minutiflorus, Sorghum plumosum, Trianthema pilosum, Tribulopis 
angustifolia and Xerochloa imberbis (R. Barrett pers. comm.). 
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Fig. 5. Habitat of P. halfordii, site of the collection by R.L. Barrett 7828, M.D. Barrett & B.Anderson. Photograph R.L. Barrett. 


Conservation status: Paranotis halfordii is known from 10 collections from around seven locations. Three 
collections, spanning much of the known geographic range of the species, have been within the last 20 years. 
While P. halfordii is not known to be under threat, the species is poorly known and is recommended for 
listing as Priority Three under Conservation Codes for Western Australian Flora and Fauna (Department of 
Biodiversity, Conservation and Attractions 2019). 


Etymology: The epithet is in honour of botanist David Halford (BRI), who revised Oldenlandia and related 
genera in Australia in the 1990s. 


Affinities: Molecular phylogenetic analyses (Gibbons 2020) place P. halfordii in Paranotis with strong bootstrap 
support (Fig. 6). There was no phylogenetic support for the inclusion of P. halfordii in P. mitrasacmoides subsp. 
mitrasacmoides. Paranotis halfordii was, instead, placed sister to the rest of Paranotis [excluding P. kochiae 
(Halford) K.L.Gibbons, for which material was not available], separated from the remaining taxa by a relatively 


long branch length. 


In revising Australian Oldenlandia, Halford (1992) recognised three subspecies in P mitrasacmoides (as 
O. mitrasacmoides). For much of their geographic range, these subspecies are geographically isolated and 
morphologically distinct. However, morphological intermediates exist between all three subspecies in 
north-eastern Queensland (Burke and Cook districts; Halford 1992). In contrast, although P halfordii and P. 
mitrasacmoides subsp. mitrasacmoides (the only subspecies occurring in Western Australia) overlap in geographic 
range, no morphologically intermediate specimens have been observed. This lack of morphological intermediacy, 
together with the genetic distinctiveness of P halfordii, justifies its recognition as a distinct species. 


Paranotis halfordii differs from P. mitrasacmoides subsp. mitrasacmoides in its capsule shape (depressed 
obovoid, compared with subglobose in P mitrasacmoides subsp. mitrasacmoides) and its seeds, the rim of 
which is thinned and, if incurved, then only slightly so (seed rim thickened and incurved in P. mitrasacmoides 
subsp. mitrasacmoides; Fig. 3a and b). In these characters, P. halfordii more closely resembles P. mitrasacmoides 
subsp. trachymenoides (Halford) K.L.Gibbons (Halford 1992, Fig. 1c and 6f), but differs from that taxon, 
and from P. mitrasacmoides subsp. nigricans (Halford) K.L.Gibbons in its shorter corolla tube (0.6-1.0 mm 
long, compared with 3-6(-9) mm long in subsp. trachymenoides and 2.5-6.0 mm long in subsp. nigricans). 
In addition, the leaves of P halfordii are glabrous, whereas those of all subspecies of P mitrasacmoides are 
generally sparsely hispidulous, at least near the base. The branchlets of P halfordii are hispidulous only on the 
ribs, whereas those of P. mitrasacmoides are generally hispidulous between the ribs as well. However, some 
Queensland specimens of P mitrasacmoides subsp. mitrasacmoides and some specimens of P. mitrasacmoides 
subsp. trachymenoides trom the Gulf and Burke districts, Queensland, have glabrous leaves and branchlets 
with hairs only on the ribs. 
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Paranotis mitrasacmoides subsp mitrasacmoides GByrne 3732 WA 
93/- 


90/-| Paranotis mitrasacmoides subsp mitrasacmoides Gibbons 132 NT 
100/94] |} Paranotis mitrasacmoides subsp mitrasacmoides Sweedman LS8891 WA 
, 
92/39 - Paranotis mitrasacmoides subsp mitrasacmoides GByrne 3142 WA 


Paranotis pterospora GByrne 2880 WA 
100/100 


Paranotis pterospora Wardle QDA006991 Qlid 


sonide Paranotis mitrasacmoides subsp nigricans BSWannan 3492 Qld 


Paranotis mitrasacmoides subsp nigricans PlForster PIF30757 Qld 


96/75 
100/100 0.98 


vex Paranotis mitrasacmoides subsp trachymenoides Halford QM1935 Qld 
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Fig. 6. Phylogenetic relationships in Paranotis. Maximum likelihood subtree (ETS, ITS, petD) from Gibbons 
(2020). Support values above the line are ultrafast bootstrap approximations (UFboot2) followed by standard 
non-parametric bootstrap. Note that the ultrafast bootstrap approximations are not equivalent to the standard 
non-parametric bootstrap; => 95 indicates support. Support values below the line are posterior probabilities from 
the corresponding Bayesian analysis. Although P pterospora (EMuell.) Pedley ex K.L.Gibbons was nested within 
the P mitrasacmoides complex, this relationship was not well supported and should be considered uncertain. 


Morphologically, P halfordii also closely resembles P. kochiae. Paranotis halfordti and P. kochiae are unique in 
Paranotis in having both a narrowly conical stigma that is 0.5-1.0 mm long and included within the corolla 
tube, and a stout style that is c. 0.2-0.3 mm long (stigma bifid or capitate, c. 0.1 mm long, exserted beyond the 
corolla tube, and slender style 1.5-—7.0 mm long in the remainder of Paranotis). Paranotis halfordi differs from 
P. kochiae in its longer corolla lobes and larger capsules, as well as in seed shape (scutelliform with hilum on 
prominent ventral ridge in P. halfordii (Fig. 3a), compared with depressed obconic in P. kochiae). 


Notes: Some specimens of P halfordii held at PERTH were incorrectly identified as P kochiae. Previous 
inclusion of a part of B.J. Carter 365 (the type of P. halfordii) in the reference collection at PERTH, as P. kochiae, 
might have led to this confusion. 


The taxonomic treatment of phrase named entities referable to P. halfordii has also been confused (Western 
Australian Herbarium 1998-). Although O. sp. F Barred Creek (P.R. Foulkes 79) was correctly attributed to 
O. mitrasacmoides subsp. mitrasacmoides, (following Halford 1992), O. sp. One Arm Point (B.J. Carter 445) has 
been mistakenly attributed to P. kochiae. Hedyotis sp. B Kimberley Flora has also been incorrectly attributed 
to O. corymbosa L. A specimen of O. corymbosa (R. Cranfield 6664), originally mislabelled O. sp. B Kimberley 
Flora (R.J. Cranfield 6664), has clearly led to this error, together with the incorrect citation of H. sp. B Kimberley 
Flora as Oldenlandia sp. B Kimb. Flora by Kenneally et al. (1996). 


Acknowledgements 


We are grateful to David Halford (BRI) for helpful discussions on Oldenlandia s. lat. Russell Barrett (NSW) 
provided material, images and habitat observations. We thank the curators of CANB and PERTH for access to 
their collections. In addition, Julia Percy-Bower and Juliet Wege assisted KLG whilst visiting PERTH and David 
Albrecht assisted KLG whilst visiting CANB. Marco Duretto, Russell Barrett (both NSW) and an anonymous 
reviewer provided helpful comments on an earlier version of the manuscript. This research was part of a larger 
study by KLG and MFD financially supported by an Australian Biological Resources Study Research Grant 
RFL215-44 and the Royal Botanic Gardens and Domain Trust. Steven Dillon was funded in part by Rio Tinto 
through their support of an Identification Botanist position at the Western Australian Herbarium. 


212 Telopea 23: 205-212, 2020 Gibbons and Dillon 


References 


Department of Biodiversity, Conservation and Attractions (2019) Conservation Codes for Western Australian 
Flora and Fauna _https://www.dpaw.wa.gov.au/images/documents/plants-animals/threatened-species/ 
Listings/Conservation%20code%20definitions.pdf (Accessed 24 Nov. 2020) 

Department of the Environment and Energy (2013) Australias bioregions (IBRA), IBRA7, Commonwealth of 
Australia. http://www.environment.gov.au/land/nrs/science/ibra#ibra (Accessed 17 Nov. 2020) 

Gibbons KL (2020) Hedyotis, Oldenlandia and related genera (Rubiaceae: Spermacoceae) in Australia: new 
genera and new combinations in an Asian-Australian-Pacific lineage. Taxon 69(3): 515-542. https://doi. 
org/10.1002/tax.12236 

Halford DA (1992) Review of the genus Oldenlandia L. (Rubiaceae) and related genera in Australia. 
Austrobaileya 3(4): 638-722. https://www.jstor.org/stable/41738812 

Kenneally KE, Choules Edinger D, Willing T (1996). Broome and beyond: plants and people of the Dampier 
Peninsula, Kimberley, Western Australia. (Department of Conservation and Land Management: Como, 
Western Australia.) 

Koch BL, Halford DA (1992). Hedyotis L. Pp. 914-919 in Wheeler JR (ed.) Flora of the Kimberley region. p. 
914-919. (Western Australian Herbarium: Como, Western Australia.) 

Western Australian Herbarium (1998-) Florabase—the Western Australian Flora. Department of Biodiversity, 
Conservation and Attractions. https://florabase.dpaw.wa.gov.au/ (Accessed 17 Nov. 2020) 


Manuscript received 14 April 2020, accepted 1 December 2020 


°,@ 
Volume 23: 213-220 E L O E The Royal 


Publication date: 18 December 2020 . BOTANIC (SARDENS 
dx.doi.org/10.7751/telopea14718 Journal of Plant Systematics Bh Wiessitbee Te aie 


plantnet.rbgsyd.nsw.gov.au/Telopea ® escholarship.usyd.edu.au/journals/index.php/TEL ¢ ISSN 0312-9764 (Print) ¢ ISSN 2200-4025 (Online) 


Camptochaete monolina sp. nov. and Camptochaete 
subporotrichoides (Bryophyta: Lembophyllaceae) from the 
Australian Wet Tropics 


David Meagher', Andi Cairns*°, and Ray Tangney”* 


‘School of BioSciences, The University of Melbourne, Victoria 3010, Australia 
’ College of Science and Engineering, James Cook University, Townsville, Qld 4811, Australia 
“Australian Tropical Herbarium, Smithfield, Qld 4878, Australia 
*“Amgueddfa Cymru - National Museum of Wales, Cathays Park, Cardiff, CF10 3NP, U.K. 
Author for correspondence: David Meagher dameag@unimelb.edu.au 


Abstract 


Camptochaete monolina sp. nov. is described from three collections in the Australian Wet Tropics bioregion. 
Camptochaete subporotrichoides (Broth. & Geh.) Broth. (Bryophyta: Lembophyllaceae), previously known 
from Indonesia, Papua New Guinea, Vanuatu, Solomon Islands and Fiji, is reported as new to Australia from 
several collections in the same bioregion. 


Key words: Australian Wet Tropics, bryophytes, moss, taxonomy 


Introduction 


Camptochaete Reichardt is a small genus of pleurocarpous mosses with a largely Australasian distribution. Its 
range extends from Indonesia through Papua New Guinea into the Pacific as far east as French Polynesia, and 
south through eastern Australia to Tasmania and New Zealand (Tangney 1997). The revision of Camptochaete 
by Tangney (1997) recognised five species from Australia: C. arbuscula (Sm.) Reichardt, C. curvata Tangney, 
C. deflexa (Wilson ex Miull.Hal.) A.Jaeger, C. excavata (Taylor) A.Jaeger and C. leichhardtii (Hampe) Broth. 


Several problematic specimens of Camptochaete collected recently from widely separated localities in the 
Australian Wet Tropics bioregion, as well as others collected previously by G.A.M. Scott and D.C. Cargill, do 
not match any of the reported Australian species. Specimens from Bellenden Ker represent an undescribed 
species, and other Camptochaete specimens from various locations in the Wet Tropics are entirely consistent 
with our concept of C. subporotrichoides. The following treatment is based on our Australian material. 


Taxonomic treatment 


Camptochaete monolina Meagher & Cairns sp. nov. 


Diagnosis: Camptochaete with julaceous stems and branches, leaves orbicular to suborbicular, deeply concave, 
costa strong and double, to 3/5 of leaf length, up to 10 cells wide at base and 3 cells thick in cross-section, 
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secondary stem with pigmented outer cortex of 2—3(-5) rows of cells, innermost perichaetial leaves with 
weakly serrulate margin and occasional teeth; other perichaetial leaves with entire margins. 


Type: Australia: Queensland, Wooroonooran National Park, western ridge of Bellenden Ker, on rock, Meagher 
e Cairns WT-1123, 18 Aug. 2016 (BRI AQ1015686). 


Plants bright green to brown-green, lithophytic in simple microphyll vine-fern thicket, consisting of a 
slender, creeping primary stem giving rise to erect secondary stems. Primary stem leafless, rhizoids reddish- 
brown, smooth, 10-12 um in diameter. Secondary stems + stipitate, + frondose, to about 110 mm; branching 
+ irregularly pinnate to bipinnate, julaceous, to 95 mm. Stipe moderately developed, to about 12 mm long. 
Frond axis in cross-section with a pigmented outer cortex 2-3 cells wide. Leaves of lower stipe and lower 
frond axis patent, distant, + orbicular, deeply concave, with acute apices, 0.8-1.2 mm long x 0.9-1.3 mm 
wide, lower margins entire, apical margins weakly serrulate. Leaves of upper stipe and frond axis imbricate, 
suborbicular, abruptly mucronate, 1.3-1.5 mm long x 1.7-1.9 mm wide, apical margins weakly serrulate. 
Branch leaves similar to frond axis leaves but narrower, to 1.3 x 1.15 mm, becoming smaller towards the 
branch apex. Branches usually tapering but not flagellate. Leaves little wrinkled when dry. Stem with an outer 
cortex of 2-3 rows of pigmented, isodiametric, thick-walled cells; inner cortex of larger, thinner-walled cells 
surrounding a central strand. Costa strong, distinctly darker green in fresh leaves (brownish and less distinct 
when dried) to about 3/5 of leaf length, unequally double, often positioned asymmetrically, in cross-section 
9-10 cells wide at base and 3 cells thick, the cells distinctly thick-walled. Cells in mid-leaf elongate, somewhat 
sigmoid, weakly pitted, often prorate, 28-38 x 3.8-4.1um, shorter towards the apex, 9-18 x 3.5-5 um. Alar cells 
indistinct, irregularly-shaped, + elongate, pitted, 25-46 um x 5.0-8.5 um. Axillary hairs 53-126 um, consisting 
of 2-3 brownish, quadrate basal cells and 2-3 hyaline, elongate uniseriate cells, 2-4(-6) hairs in axils of young 
leaves at branch apices. Pseudoparaphyllia persistent at branch bases, ovoid, 60-72 um, apex weakly serrulate. 


‘Dioicous. Perichaetia (only immature seen) lateral on branches. Inner perichaetial leaves reflexed, with 
acuminate apices tapering from a broad sheathing base to 1.75 mm, ecostate, margins weakly serrulate from 
projecting cell ends, with occasional large, single-celled teeth in the upper half. Marginal cells with thickened 
outer walls. Outer perichaetial leaves shorter, to 1.35 mm x 0.85 mm, apex + acute, margins + entire. Gynoecia 
with + 20 archegonia and numerous hyaline paraphyses. Androecia not seen. 


Additional specimens examined: QUEENSLAND: Wooroonooran National Park, Bellenden Ker, chairlift 
track, Centre Peak, in montane rainforest, G.A.M.Scott s.n., 3 Sep. 1986 (MELU 77); Wooroonooran National 
Park, Bellenden Ker summit ridge, in transition between elfin and montane forest, on rock, D.C. Cargill 115, 
13 June 2001 (CANB 644598.1). 


Etymology: The specific epithet monolina is the feminine form of classical Greek monolinon, a string of pearls, 
referring to the appearance of the plants, especially when wet. It is to be treated as a noun in apposition. The 
feminine form is required because Camptochaete is feminine. 


Camptochaete subporotrichoides (Broth. & Geh.) Broth., Nat. Pflanzenfam. 1(3): 865 (1907) 
Basionym: Thamniella subporotrichoides Broth. & Geh. in Geh., Biblioth. Bot. 44: 22, fig. 18 (1898) 
Type citation: Indonesia, Mt Arfak, ad hautam 5000-7000¢, Beccari 168, Julio 1875, c. fruct. perfect. 
Type: Indonesia, Irian Jaya, Mt Arfak, Beccari 168, July 1875, holotype H-BR! 


Plants green, growing in open colonies. Primary stems slender, creeping, monopodial, to about 10 cm, with 
erect, + stipitate, + frondose secondary stems to 50 mm, often shorter. Rhizoids intermittent in dense clumps or 
fascicles on primary stem and occasionally on stipe of secondary stem, dark reddish brown. Fronds (secondary 
stem plus branches) + bipinnate, loosely complanate, branches often flagellate. Stipe often poorly developed, to 
about 10 mm long Secondary stems straight, more or less stipitate, irregularly pinnate to bipinnate, to 15 mm, 
often tapering to elongate flagellae. Stipe leaves weakly concave, ovate, acuminate or somewhat abruptly 
cuspidate, 1.0-1.1 mm x 0.7-0.8 mm, margins entire or weakly denticulate towards base. Leaves of rest of 
secondary stem more or less smooth when dry, distichous, + patent, weakly concave, ovate to ovate-oblong, 
acuminate to somewhat abruptly cuspidate, entire or weakly denticulate to lower margin, (1.3-)1.5-1.7 x 
0.9-1.1 mm. Branches also commonly tapering to elongate flagellae, leaves similar to secondary stem leaves but 
smaller and narrower, 1.0-1.3 x 0.6-0.7 mm. Costa double, failing below midleaf, often weak or absent. Cells 
in mid-leaf linear, slightly vermicular, 29-50 x 4-5 um, becoming weakly pitted in the base, forming a weak 
basal band. Alar cells not strongly differentiated, forming a small triangular group of rectangular cells, 4—5 cells 
high. Axillary hairs 70-110 um, consisting of 3-4 uniseriate cells. Dioicous. Gynoecia and androecia not seen 
in Australian specimens. See Tangney (1997) for a description of perichaetial leaves, sporophytes and spores. 
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Specimens examined: AUSTRALIA: Queensland: Malanda Falls Conservation Park, near Malanda, on base of 
sapling, Meagher & Cairns WT-048B, 17 Sep. 2012 (BRI-AQ1015683); Lake Barrine Circuit Track, Crater Lakes 
National Park, Atherton Tableland, epiphytic on tree trunk, Meagher e& Cairns WT-379, 9 May 2014 (BRI- 
1015684); Lake Barrine Circuit Track, Crater Lakes National Park, Atherton Tableland, on tree trunk and on 
bases of other trees in the same area, Meagher & Cairns WT-497, 20 Nov. 2014 (BRI-1015685). PAPUA NEW 
GUINEA: Morobe Province: Herzog Mountains, 15 km WSW of Lae, 760 m, Streimann 10898, 13 Jan. 1981, 
CBG-8102883; Nawata Banda, 9 km S of Bulolo, 1400 m, Streimann 19527, 11 May 1982, CBG-8210843. 
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Fig. 1. Camptochaete monolina: a part of plant when moist; b branch leaves; c-e perichaetial bracts; f, g stem sectors with 
perichaetia; h cells at apex of branch leaf; i mid-lamina cells of branch leaf; j mid-lamina marginal cells, branch leaf; k cells 
of basal angle of branch leaf showing indistinct alar cells; m-q Sections of basal part of leaf showing double costa (q at 
leaf insertion); r partial stem cross-section; s axillary hairs with 1-2 brownish basal cells. Scale bars: a = 5.0 mm; b-d = 
1.0 mm; e = 1.0 mm; f, g = 2.0 mm; h-s = 100 um. Drawn from Meagher & Cairns WT-1123 and Scott s.n. by R.D. Seppelt. 
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and indistinct alar cells; i stem cross-section. Scale bars: a = 5.0 mm; b = 1.0 mm; c-j = 100 um. Drawn from Meagher & 
Cairns WT-497 by R.D. Seppelt. 
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Fig. 3. Camptochaete subporotrichoides (Meagher & Cairns WT-379), showing flattened leaves on all stem sectors. Scale 
bar: 10 mm. 


Fig. 4. Camptochaete excavata (Meagher e& Cairns WT-205), showing the mostly strongly concave leaves, slightly flattened 
in some stem sectors. Scale bar: 10 mm. 
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Discussion 


Camptochaete monolina 


Brotherus (1909, 1925) divided Camptochaete into sections Thamniella and Camptochaete, based on operculum 
and leaf shape. Operculum shape is a reliable character: rostrate in Sect. Thamniella, blunt or apiculate in 
sect. Camptochaete. However, Tangney (1997) found leaf shape to be an unreliable character, and therefore 
separated Sect. Thamniella from Sect. Camptochaete by the arrangement of stipe leaves (patent and distant in 
Sect. Thamniella, appressed and imbricate in Sect. Camptochaete). 


Tangney (1997) found the sections to be biogeographically distinct for most of their range, with overlap between 
the two in eastern Australia and Vanuatu. He determined that species within Section Thamniella tend to have a 
subtropical to tropical distribution, occurring in Indonesia (Flores), Papua New Guinea, the Solomon Islands, 
Vanuatu, New Caledonia, Lord Howe Island and eastern Australia, whereas species in sect. Camptochaete are 
known from subtropical to cool-temperate regions of eastern Australia (southern Queensland to Tasmania), 
Vanuatu, New Zealand, and possibly Hawaii. 


The stipe leaves of Camptochaete monolina are patent and distant, which suggests that C. monolina belongs to 
sect. Thamniella, but this cannot be confirmed until a sporophyte with an intact operculum is found. As male 
plants of C. monolina have not been found, it is assumed (but not confirmed) to be dioicous. 


Comparison with other Camptochaete sect. Thamniella species 


We compared C. monolina to the other members of Camptochaete Sect. Thamniella — C. excavata, 
C. porotrichoides, C. subporotrichoides, C. curvata and C. papuana. Camptochaete monolina is most similar to 
C. excavata, sharing tumid branches and orbicular leaves, which are deeply concave and apiculate. However, 
C. monolina is a much larger plant, with longer branches and more open branching, and lacks the compactly 
pinnate fronds than occur in C. excavata. 


Comparison of the critical features that distinguish C. monolina is presented in Table 1. 


Table 1. Comparison of the stipe and leaves, stem outer cortex width (from the lower stipe), costa characters, and known 
distribution in Camptochaete section Thamniella. Data from Tangney (1997) except for C. monolina. 


Species Stipe and leaves Outer cortex Costa* Known distribution 
width 
C. curvata well-developed; 8—10 cells double, taint, tailing below Australia: 
leaves strongly concave midleat eastern Qld, NSW 
C. excavata weakly to moderately 5-8 cells double, faint, tailing below Australia: 
developed; leaves midleat, 3—5 cells wide, eastern Qld, 
strongly concave 2 cells thick eastern NSW, 
eastern Vic, ACT 
C. monolina moderately developed; 2-3 cells double, strong, to 3/5 leat Australia: 
leaves strongly concave length 9-10 cells wide, north-eastern Qld 
3 cells thick 
C. papuana well-developed; leaves —- 10-12 cells double, faint, failing below Papua New Guinea 
weakly concave midleat 
C. porotrichoides well-developed; leaves 5-7 cells double, faint, tailing below New Caledonia 
weakly concave midleat 
C. subporotrichoides well-developed; leaves 7-10 cells double, faint, tailing below Indonesia, Padua New Guinea, 
weakly concave midleat Solomon ls, Fiji, Vanuatu, 


Australia: north-eastern Qld 


A stem (lower stipe) outer cortex of small, isodiametric, pigmented, thick-walled cells is typical of the genus 
(Tangney 1997). However, the outer cortex in C. monolina is a narrow band, only 2-3 cells thick, whereas 
the outer cortex of other Camptochaete species is wider, for example, 5-8 cells in C. excavata, 10-12 cells in 
C. papuana (Sect. Thamniella) and 6-8 in C. arbuscula (Sect. Camptochaete) (Tangney 1997, Fig. 5). 


Tangney (1997) describes the costa of Camptochaete species as ‘short and double, usually faint, and often 
absent...sometimes longer and irregularly single. For example, the costa of C. excavata is double, failing below 
mid-leaf, faint and often absent, having little differentiation in cross-section, being only 3-5 cells wide and 
2 cells thick. In contrast, the costa of C. monolina is double, strong, to 3/5 leaf length, 9-10 cells wide at 
base and 3 cells thick. It is possible that some other collections of Camptochaete excavata from north-eastern 
Queensland are C. monolina. 
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There are some similarities with C. arbuscula var. tumida (sect. Camptochaete), described by Tangney (1997) 
as having ‘stems and branches swollen and loosely julaceous... ‘with leaves that are widely ovate to round, 
deeply concave, and abruptly and distinctly mucronate. However, C. arbuscula var. tumida has stipe leaves that 
are closely appressed, aligning it to section Camptochaete, and leaves arranged in neat, catenulate spirals, i.e. 
resembling a chain. 


Camptochaete monolina is unique within genus Camptochaete. 


It is evident from this discussion that a molecular study of Camptochaete is needed to confirm phylogenetic 
relationships between the species and sections as proposed in the taxonomic revision by Tangney (1997). 


Camptochaete subporotrichoides 


Camptochaete subporotrichoides may have been confused in the past with C. excavata and C. curvata. The stipitate 
and frondose form that is typical of Camptochaete in general is less obvious in Australian C. subporotrichoides 
plants. Klazenga and Milne (2012) noted that, in the field, C. excavata, ‘could be overlooked as a Thamnobryum 
species because of the complanate fronds and commonly flagellate branches. This suggests that they included 
C. subporotrichoides in their circumscription of C. excavata. 


Camptochaete excavata is distinguished from C. subporotrichoides by its very concave leaves with short, 
abruptly pointed apices (Fig. 4). The concave leaves are imbricate and give the stems an inflated, bubble-like 
appearance. C. excavata may have + complanate leaves as in C. subporotrichoides, but secondary stem leaves are 
mostly, if not entirely, of the deeply concave and rounded type seen in typical C. excavata. 


Camptochaete curvata also has concave leaves, but they are more oblong in shape, with the widest part of the 
leaf at mid-lamina or above, rather than at the base as in C. subporotrichoides and C. porotrichoides. 


C. leichhardtii has the leaves erect, pointing towards the shoot apex, and most stem and branch leaves are 
appressed. In C. subporotrichoides the leaves are appressed only in the lower parts of stems. C. leichhardtii tends 
to form soft, pendent masses on the twigs of shrubs, rather than on the lower trunks of trees and saplings. The 
leaves in C. leichhardtii are also neatly distichous-complanate with short, sharply recurved apices, and the cells 
are longer. As far as we know, C. leichhardtii does not occur in tropical Australia. 


Camptochaete porotrichoides, which is known only from New Caledonia, has the leaves typically more irregularly 
spreading, and the leaf length to width ratio is less than 1.6, compared to more than 1.8 in C. subporotrichoides. 


Camptochaete subporotrichoides varies considerably in the overall size and colour of plants. Specimens we have 
seen from New Guinea are much more robust than Australian specimens, which are typically small, wiry, and 
green to olive green. It is therefore possible that C. subporotrichoides is actually a species complex. A thorough 
molecular analysis would be very useful in delimiting the boundaries of the various species in the region. 


We have not had a chance to review all specimens of Camptochaete collected in the Australian Wet Tropics. 
Some undetermined specimens might turn out to be C. subporotrichoides, as may some currently identified as 
C. excavata, C. curvata or Thamnobryum. 


Keys 


Camptochaete monolina would not key out to the genus in the current printed and online keys to the genera of 
Australian mosses (Buck and Vitt 2006, 2016). The second option in couplet 63, ‘Costa ending below mid-leaf 
or absent, applies to all previously known Australian Camptochaete species but not C. monolina, which has a 
costa ending around 3/5 of the leaf length. We suggest the following amendment to account for this: 


63. “Sestavextenditio 1mOre thar iealt ok te? eit Ment G Le) aa gnen sopehasniha nan deeadunb auniopaaloe iexawenwenee doaedatepettp lab canes 63A 
Oo:. MeOStL chicane Dela wait: lat Old DSM bx. tiencs4cncscerscoyhaoteaiagh il Saat toaetaseteenn creer Edutha eighty Uta Mveptnopatcceunees wetted ain 64 


63A Leaves + orbicular to suborbicular, deeply concave; stem in cross-section lacking a 
PPA CET I CGS) PS EES cokes Sosparanaratiertntnetadetadadi eae oocpendtvsatwectetededatatetnatehadhatnantuastnsa aman tray orueiots Camptochaete 


63A:Leaves oblong-ovate, not deeply concave; stem in cross-section with a well-developed 
F972 AA Hd hace dak dos nasa ses Mele apa a cha eased ved fed dale eels ost blnsd aed sgl sand axe casle ca tases 03 ps ad tage ache Atle Thamniopsis 


Camptochaete subporotrichoides keys out satisfactorily to the genus. However, in the current treatment 
of Camptochaete for the Flora of Australia (Klazenga and Milne 2012) it would key out to C. excavata or 
C. curvata. The following amended key is suggested. 
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Key to Australian Camptochaete 
1 Stipe leaves patent and distant; operculum rostrate (sect. Tharmnielld) ......ccccccccscescesscessssscessesssesessseeeeseaeeeees 2 
Stipe leaves appressed and overlapping; operculum blunt or apiculate (sect. Camptochaete) ..........:cc00+ 5 


2 Frond axes and branches mostly terete-foliate and turgid; leaves broadly ovate to suborbicular; 
Fea ap ICES AD GUL ANM CHO MATES va. savesiceeanseroeesetucent eres ureed mesa seseseareRetaaaediiasae vst aed tv tvavtenestieiun etsG tenner cent ashtadnece’ 3 


Frond axes and branches mostly subdistichous to complanate; leaves ovate to oblong, 
apices obtuse to: widely acute; acuminate,or abruptly: CUSPId ate, 3.4 -sisesshassantvaveverooseqstSuedadsasdaenduensprpptintedsens 4 


3 Costa weak and double, failing below mid-leaf, often absent, in cross-section 3-5 cells wide 
and 2 cells thick at base; stem (lower stipe) in cross-section with an outer cortex 5-8 cells wide; 
marein-ofinner perichaetial ledves entire .....cscccenersibssserstscedsdussdsoesesasessentocsbesaaagnteacanctntntenancsesieenes C. excavata 


Costa strong and double, to about 3/5 of leaf length, in cross-section to 10 cells wide and 
3 cells thick at base; stem (lower stipe) in cross-section with an outer cortex 2-3 cells wide; 


margin of mner perichaetial leaves serrulate-cemtate cis cscsersevsacsassscasnesesssagesstasntasacentaestsnnivnssoys C. monolina 
4 Frond axis leaves oblong, leaf apices obtuse with a short acute reflexed point; branches 

SUE VEGI C TYE? sauyctustts ss avuctepasceestoucescadenatneutaripeneSegenenetauel charms fects cuaagnitumets tabriatuncncgerancesutoessatneenapetonste C. curvata 

Frond axis leaves ovate, leaf apices acuminate or somewhat abruptly cuspidate, not reflexed; 

DEATLORES-SEPATODE WVIMETIAT Mien cecuccencvon sven ceculnc alesetieuesionier facut sndions Nata taal aalctueus tera teaetendiecescreate C. subporotrichoides 
5 Frond axes and branches subdistichous; leaf apices recurved .........cccscessssseesseeseeeseesseessesseens C. leichhardtii 

Frond axes and branches complanate to terete-foliate, occasionally turgid; leaf apices straight................. 6 


6 Plants pale light green to yellowish green; leaves collapsed-wrinkled when dry, 
strongly concave and cochleariform, broadly ovate to suborbicular, obtuse or 
WAH SIVO BE POITIC, ova syse vase vevend ndad odes bencbevebdeeadgeesoc star stan stucetvcathcduea Duddiney tangharguergienctents C. arbuscula var. arbuscula 


Plants dark green or brownish green; leaves not markedly altered when dry (then occasionally 
striate-wrinkled), moderately concave, ovate to broadly ovate, acute to acuminate .......... eee. C. deflexa 
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Abstract 


Syzygium oransbariense Mustaqim, Y.W.Low & Heatubun (Myrtaceae) is here formally described. This species 
is found in the lowlands on the eastern flank of the Arfak Mountains, Bird's Head Peninsula, western New 
Guinea. The species is similar to Syzygium longipes (Diels) Merr. & L.M.Perry but differs based on a set of 
diagnostic morphological characters. Species description, distribution, a preliminary conservation status 
assessment, and notes on the new species are presented here. 


Keywords: endemic, Myrtaceae, New Guinea, Syzygium, taxonomy 


Introduction 


Syzygium (Myrtaceae) is the most speciose tree genus in the world with over 1200 accepted species (Beech et al. 
2017; Govaerts et al. 2020). The genus occurs throughout the tropical and subtropical regions of the Old World, 
from West Africa to India, across Southeast Asia and the Pacific Ocean, to Hawaii in the east and New Zealand 
in the south. The centre of its species diversity is the Malay Archipelago, a region biogeographically known 
as Malesia (Craven 2001; van Steenis 1950). The most comprehensive account pertinent to New Guinean 
Syzygium, by Hartley and Perry (1973), enumerated 138 species with many taxa unaccounted for, listed at 
the end of their monograph. Many novelties subsequently have since been discovered and described for New 
Guinea (see Conn and Damas 2015; Hambali et al. 2017; Snow 2010; Takeuchi 2002, 2015), mainly from 
Papua New Guinea. Recently, a comprehensive specialist-verified checklist of New Guinean vascular plants 
enumerated 207 Syzygium species, the largest tree genus recorded for the island (Camara-Leret et al. 2020). 
The checklist also highlighted Indonesian New Guinea as poorly explored botanically in comparison to Papua 
New Guinea (Frodin 2001; Johns 1997; Camara-Leret et al. 2020). A revision of the Birds Head Peninsula 
Syzygium species was initiated in 2017 in collaboration with the Singapore Botanic Gardens (Singapore), 
Universitas Papua (Indonesia), BALITBANGDA Papua Barat (Indonesia), Royal Botanic Gardens, Kew (UK), 
and University of Aberdeen (UK) is on-going (YW Low pers. comm.). 
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On one of the botanical field trips carried out under the Ekspedisi NKRI Koridor Papua Barat in 2016 in the 
eastern coast of the Bird's Head Peninsula, a peculiar Syzygium specimen was collected from the undisturbed 
primary lowland hill forests of Oransbari District, Papua Barat Province, Indonesia. More collecting trips were 
conducted in surrounding areas, either during the same period or on separate explorations in 2018, and no 
other morphologically similar individual has been encountered. A thorough herbarium study of collections 
at BM, BO, CNS, K, MAN, and SING (herbarium abbreviations follow Thiers 2020-continuously updated), 
as well as surveys on published literature of New Guinean Syzygium (Conn and Damas 2015; Diels 1922; 
Greeves 1923; Hartley and Craven 1977; Hartley and Perry 1973; Merrill and Perry 1942; Ridley 1916; Snow 
and Craven 2010; Takeuchi 2002, 2015; Warburg 1891) accompanied by type examinations, failed to match the 
Oransbari taxon to any of the named Syzygium taxa for New Guinea. Hence, we concluded that the Oransbari 
taxon is an undescribed species closely related to Syzygium longipes (Diels) Merr. & L.M.Perry but differs based 
on a set of distinct morphological characters. 


Taxonomic treatment 


Syzygium oransbariense Mustaqim, Y.W.Low & Heatubun sp. nov. (Fig. 1). 


Diagnosis: This species is similar to S. longipes (Warb.) Merr. & L.M.Perry but differs in having petioles that 
are 0.5-3.5 mm long (vs. 3-8 mm long in S. longipes), 3-flowered cymes, sometimes reduced to 1-flowered 
inflorescences (vs. thyrsoid racemiform inflorescences with 6 or more flowers in S. longipes), inflorescences 
exclusively shorter than the leaves (vs. inflorescence usually much longer than the leaves in S. longipes), 
peduncles shorter than a pair of bract-like or stipule-like leaves or cataphylls subtending at the base (vs. 
much longer peduncle in S. longipes), hypanthia (not including the stipe) 2-3.5 mm long (vs. 4-5 mm long in 
S. longipes), and shorter styles (9 mm long) (vs. 20 mm long in S. longipes). 


Type: INDONESIA: New Guinea: Papua Barat Province: Manokwari Selatan Regency, Oransbari District, 
Wandoki, eastern side of the Arfak Mountains, 280 m asl, 4 Mar 2016, Mustagim 1584 (holo: BO! iso: MAN!). 


Etymology: The epithet is derived from the district name where the specimen was collected, namely the 
Oransbari District, Manokwari Selatan Regency. 


Small tree, about 6 m tall. Bark smooth, greyish brown. Plants glabrous throughout. Branchlets 4-winged, 
wings gradually widened towards the apex of internodes. Leaves opposite, rarely alternate on short lateral 
branches; petioles 0.5-3.5 mm; blades discolorous, elliptic-lanceolate or slightly obovate, 4.5-12 x 0.9-3.6 cm, 
c. 3-5 times as long as wide, thickly papyraceous, attenuate or cuneate at the base, margins entire but slightly 
revolute when dry, apex caudate-acuminate; bract-like or stipule-like leaves or cataphylls associated with new 
growth and at base of inflorescence ovate-lanceolate, 1.5-2.5 x 0.3-0.5 cm, base cuneate to obtuse, rarely 
attenuate, apex long acuminate; midrib sunken above, raised beneath; secondary nerves 4-11 on each side 
of the midrib, diverging at 40-60°, obscure above, raised beneath; inner intramarginal veins 1-6.5 mm from 
the margin, outer intramarginal veins up to 1 mm from the margin. Inflorescence terminal on relatively short 
branches, 3-flowered cymes, subtended by a pair of reduced bract-like or stipule-like leaves or cataphylls at the 
base, and longer than the peduncle; peduncle 4-angled, 2-15 x c. 0.4 mm, floral bracts narrowly triangular, 
c. 1 mm, bracteoles subulate, c. 0.4 mm. Hypanthium obconical, 2.5-3 mm, pedicel c. 0.75 mm, whitish in vivo. 
Sepals 4, magenta, ovate-deltoid, c. 1 mm, obtuse at apex. Petals not seen (usually correlates to the number of 
sepals). Stamens numerous (over 100). Style white, cylindrical, 9 mm at anthesis, stigma truncate at the apex. 
Fruit pendulous, apparently only one developing into fruit, immature fruit creamy white tinged with red, sub- 
mature fruit red in the lower half whitish upward, sub-globose, c. 2.4 cm across when fresh, c. 1.5 cm across 
when dry, crowned by persistent sepals, style persistent, accrescent. 


Distribution: New Guinea: Endemic to the Birds Head Peninsula, Manokwari Selatan Regency, Oransbari 
District. Known only from the type locality (Fig. 2). 


Habitat: On clayey soils, c. 280 m in humid and shaded valley forests. 
Phenology: Flowers unknown. Fruits have been collected in March. 


Conservation status: This species is here classified as Data Deficient (DD) based on the recommendations 
proposed under IUCN (2012). Syzygium oransbariense is known so far only from the type locality. The forests 
where this species was collected are undisturbed with no human activities recorded. However, this status 
requires reassessment as the surrounding areas have not been explored botanically. 
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Fig. 1. Syzygium oransbariense Mustagqim, Y.W.Low & Heatubun. A. leafy twigs; B. leafy twigs showing the abaxial surface 
of the leaves; C. inflorescence showing flowers with stamens and corolla already detached; D. flowers showing the inner 
side of hypanthium, calyx lobes, and style; E. immature fruit; F. mature fruit. Scale: A-B = 1 cm, C = 2 mm, D = 1 mm, 
E=5 mm, F = 1 cm. Photos: W.A. Mustaqim. 
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Fig. 2. Geographic distribution of Syzygium oransbariense (@). 


Notes: Syzygium oransbariense is a member of the Gelpkea Blume (Blume 1850) group, here informally 
recognised, that includes a handful of congeners readily recognised by the presence of a pair of reduced bract- 
like or stipule-like leaves or cataphylls at the base of an inflorescence or new growth, as also noted by Hyland 
(1983) in S. puberulum Merr. & L.M.Perry. This trait is restricted to a few species in Eastern Malesia, namely New 
Guinea and Australia. Syzygium oransbariense differs from S. longipes in having 3-flowered or rarely reduced 
1-flowered cymose inflorescences, shortly stalked hypanthia 2.5-3 mm, sepals c. 1 mm, and styles c. 9 mm. 
Another closely related species is S. aeoranthum (Diels) Merr. & L.M.Perry, it has a long-peduncled inflorescence 
with many flowers, similar to S. longipes. Both Syzygium aeoranthum and S. longipes are widespread in New 
Guinea, occurring in the lowland particularly under humid conditions to the foothill rainforests (Hartley and 
Perry 1973). 
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Abstract 


Twenty-one Grevillea species currently comprise the Triloba Group sensu Flora of Australia, or Group 1 sensu 
The Grevillea Book. All species except the transcontinental species G. anethifolia R.Br. are distributed in south- 
west Western Australia. Grevillea pieroniae Olde, herein described, is currently treated as Grevillea sp. Stirling 
Range (D.J. McGillivray 3488 & A.S. George) by the Western Australian Herbarium. It has some affinity with 
Grevillea anethifolia through shared possession of similar truncate-conical to cylindrical pollen-presenters. 
Grevillea pieroniae is a rare species that is potentially threatened by Phytophthora cinnamomi, fire frequency, 
a drying climate, as well as grazing by feral and native herbivores, so requires careful assessment and ongoing 
monitoring. A short history of the Triloba Group is provided to give context to Grevillea pieroniae and as 
precursor to other related species soon to be recognised. 


Introduction 


The Grevillea Triloba Group is a highly distinctive group currently comprising species circumscribed by 
shared morphological characters. It is probably monophyletic with several potentially synapomorphous 
characters but only two species, G. anethifolia R.Br. and G. acrobotrya Meisn., have been included in existing 
phylogenies (Mast et al. 2015). A comprehensive summary of morphological characters for the Group is given 
by McGillivray and Makinson (1993: 167), Olde and Marriott (1994: 194) and Makinson (2000: 414-415). All 
species are entomophilous, have fragrant, white flowers and lack glandular hairs. Important characters include 
pedicels that are relatively thin and elongate; actinomorphic perianths; glabrous pistils and short gynophores 
that are undulate when preanthetic; styles that are constricted immediately above the ovary, then abruptly 
dilated in the proximal half, tapering distally; pollen-presenters erect, conico-cylindrical; and follicular, thin- 
walled fruits with a variable pericarp architecture that are monospermous by abortion of one embryo. Pericarp 
architecture has been noted as important for species-level diagnosis (Olde and Marriott 1994). 


The botanical history of the Grevillea Triloba Group is complex. The first species scientifically described 
(G. anethifolia) was discovered on 13 Jun 1817 during Oxley’s first expedition into western New South Wales 
and was collected by Allan Cunningham and Charles Fraser. Specimens remitted to Brown by Cunningham 
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had the Mss name ‘Anadenia anethifolia attached. The specimen material was mounted on separate sheets, 
together with a syntype collected by William Baxter in 1823 on the south coast of Western Australia. 
This combined material formed the basis for Robert Browns description (Brown 1830: 21). Brown placed 
G. anethifolia in his newly erected Grevillea Sect. Conogyne, of which it later became the lectotype species 
(McGillivray and Makinson 1993: 400). 


In May 1839, Stephan Endlicher, working at Vienna with specimens supplied or collected by Charles von Higel 
and John Septimus Roe, erected the genus Manglesia in which he described two related species, Manglesia 
tridentifera and M. vestita (Endlicher 1839: 25-26). It is unclear whether the descriptions were based on 
cultivated material raised from seed or on wild-source specimens, although dried material was mentioned in 
the description of the former ‘Flores...ex sicco flavescentes. Types of both species have never been found. Nor 
is there any evidence that they were ever seen even by contemporary botanists such as Robert Brown, Robert 
Graham, John Lindley, and Carl Meisner, although there was certainly communication between Endlicher and 
Brown, Endlicher and Lindley, and probably Meisner. 


To paraphrase the original Latin descriptions, Endlicher wrote of Manglesia ‘A genus, in which especially all 
the new species below require description, along with Manglesia cuneata Endl. (of which Grevillera manglesii 
Hortul. is a synonym), and probably all Grevilleas in Grevillea section Conogyne R.Brown Supplementum 21, 
related to Anadenia by Cunningham, must in future be referred, and which differ from true Grevillea in their 
perianth regular, style and stigma diverse, from Anadenia in the presence of a hypogynous gland, and in the 
style maximally thickened above a filiform base: For the first time, Grevillea anethifolia was united, albeit 
briefly, with the remainder of the group as then known. 


John Lindley (1840: xxxvii) supported Endlicher’s Manglesia ... it appears to be well distinguished from 
Grevillea by the style being thickened in a very remarkable manner a little below the stigma, while the stipes of 
the ovary is unusually long. Lindley (1840) published the name Manglesia glabrata Lindl. However, Brown did 
not agree. Endlicher (1842: 37) refers to a discussion with the ‘very famous Brown who said that Manglesia was 
‘not supportable and needed to be sunk into Anadenia [notwithstanding the presence of a gland]. Endlicher 
did not elaborate further on Browns reasons. However, Brown (1810: 166) had already described Anadenia 
pulchella which also has actinomorphic flowers. Moreover, the precedent was further established when 
Scotsman Prof. Robert Graham (1839: 189) described a related species as Anadenia manglesii, in June 1839. 
Graham had received a cultivated specimen from the nurseryman Lowe [sic] of the Clapton nursery, in 1837, 
‘under the name Grevillea manglesii. 


Probably after discussion with Brown, Meisner (1845: 548-549) referred both Manglesia and Anadenia to 
synonymy under Grevillea which he regarded as primum generis series divided into six sections, the distinction 
between which is sometimes quite impossible to discern. Meisner (1848, 1855) published two new species. 
In De Candolles Prodromus, Meisner (1856: 391-393) reviewed the whole genus, grouping species into three 
Subgenera. He raised his Section Manglesia to Subgenus Manglesia. It contained no sections and only eight 
species. However, both G. anethifolia and G. triloba Meisn. were retained in Subgenus Conogyne, Section 2. 
Angustilobae (Meisner 1856: 387-388). From the abbreviated description, it seems clear that Meisner relied on 
Brown for the placement of G. anethifolia and did not actually sight the specimens for himself, most of which, 
like G. triloba, are infertile anyway. No new species were added to the group. However, Manglesia lawrenceana 
hort. ex Meisn. was synonymised under Grevillea vestita var. angustata Meisn. 


Bentham (1870) included all ten known related species in his Section Manglesia. Curiously he moved Grevillea 
anethifolia from his Sect. 9, Section Conogyne, and placed it into Sect. Anadenia instead of Sect. Manglesia, a 
decision that defies adequate explanation, as does the persistent misplacement of Grevillea anethifolia by so 
many capable botanists before him. 


Up until 1993, there was no comprehensive, correct structure into which all members of the Triloba Group 
had been formally assembled. McGillivray and Makinson (1993) were the first to aggregate all known related 
species into a single group by simply amending Benthamss Section Manglesia’ and including G. anethifolia plus 
additional species that had been subsequently described. They recognised 12 species. 


Olde & Marriott (1994: 174-176), recognised 20 species in their Group 1, after adding further new species 
(Olde and Marriott 1993) and adjusting species boundaries. Makinson (2000: 414-440) recognised 21 species, 
after re-ranking and adding new taxa. The Group was there informally named the “Triloba’ Group. Makinson 
(2000: 415) speculated that the Rudis group, a small group which includes G. pulchella (R.Br.) Meisn. and 
whose members also have actinomorphic perianths, ‘seems likely to represent the most closely related group. 
However, this was not confirmed in a molecular systematic analysis of subtribe Hakeinae Endl. published 
by Mast et al. (2015). Although they found that taxa included from both the Triloba and Rudis Groups were 
resolved in the same heterogeneous clade, along with members of the genera Hakea and Finschia, the Rudis 


Grevillea pieroniae Olde (Proteaceae: Grevilleoideae: Hakeinae) Telopea 23: 227-235, 2020 229 


Group showed an unexpected close relationship to the Petrophiloides Group and the Triloba Group was 
resolved as sister to G. dielsiana C.A.Gardner. 


It is anticipated that an ongoing study (led by M. Cardillo) in which most Grevillea species will be included in 
a molecular phylogeny (cf. a representative sample of only two species from informally recognised groups in 
Mast et al. 2015) will provide much greater insights into relationships between both species and species groups. 


A major finding of the study by Mast et al. (2015) is that Grevillea is paraphyletic with respect to a monophyletic 
Hakea and Finschia, with obvious nomenclatural consequences. Christenhusz et al. (2018) have acted on this 
finding, and without consultation, transferred most species and subspecies to Hakea, giving new names where 
needed. This transfer is here rejected for the present. Mast et al. (2015) were unable to resolve Grevillea into 
bifurcating branches using the five selected genes. The phylogenetic dendrogram produced in that study 
contained a large polytomy from which six clades were descendant. Early results from a new study to resolve 
this impasse suggests that the transfer to Hakea is premature. Accordingly, new species are here described in 
the genus Grevillea. 


In their discussion of Grevillea specimens in Section Manglesia ‘unassignable to species, McGillivray and 
Makinson (1993: 185-187) drew attention to 18 specimens, five with affinity to Grevillea anethifolia. Grevillea 
pieroniae is equivalent to one of these, treated by them as ‘Unassigned x. Field investigation and microscopic 
examination of plants characterised as ‘Unassigned x’ showed that the plants should be recognised as a distinct 
species because they occur in populations that can be reliably characterised and separately distinguished. 


Apart from G. pieroniae, which has been recognised as Grevillea sp. Stirling Range (D.J.McGillivray 3488 & 
A.S.George) in Western Australian Herbarium (1998-) and Hollister et al. (2020), five additional species with 
phrase names in the Triloba Group are recognised by the Western Australian Herbarium but remain unnamed. 
These include Grevillea sp. Cape Arid (R.Spjut & R.Smith RS12562), Grevillea sp. Duranillin (E.EShedley 180), 
Grevillea sp. Gunapin (EHort 308), Grevillea sp. Harrismith (G.J.Keighery & N.Gibson 7094) and Grevillea 
sp. Shark Bay (N.H.Speck 24/09/1953). To these can be added eight specimens treated as Unassigned by 
McGillivray and Makinson (1993: 185-187), some of which may be extinct: Unassigned ‘v, ‘vi, ‘viii, “ix, “xi in 
part, xiii, xv and ‘xviii. Additional species in the Triloba Group have also been discovered during the ongoing 


study of this group. Taxonomic assessment of these entities is ongoing. 


This paper describes a new species, Grevillea pieroniae Olde, a member of the Triloba Group sensu Makinson 
(2000), or Group 1 sensu Olde and Marriott (1994). Grevillea pieroniae is endemic to the Stirling range in 
south-west Western Australia, a region with a large number of locally endemic Grevillea species. 


Morphology 


Descriptions broadly follow the pattern and terminology developed by McGillivray and Makinson (1993) and 
the glossary therein. Conflorescences can be simple or compound; compound conflorescences comprise two 
or more unit conflorescences. The term was suggested to the author by the late Dr. L.A.S. Johnson. 


Taxonomy 


Grevillea pieroniae Olde, sp. nov. 


Type: Western Australia: Stirling Range Drive, 9.1 km west north-west from Chester Pass Drive, PM. Olde 
01/171 & N. Marriott, 13 Sep 2001 (holo: NSW 1099556; iso: CANB, K, MEL, NSW, PERTH) (distribuendi). 


Diagnosis: Near to Grevillea anethifolia R.Br. which differs in its more slender, non-ribbed branchlets 
with a close-appressed, dense indumentum of short hairs; ultimate leaf lobes narrower (< 1 mm wide), the 
lamina tightly revolute against the midvein on the abaxial surface, notably at the lobe sinuses; the basal leaf 
internode not reduced in length nor alate when subtending axillary growth; conflorescences mostly terminal 
or subterminal; buds smaller, shortly pedunculate and not arrested in development; floral rachises either 
glabrous or not densely hairy; common bracts glabrous-ciliate, smaller (0.2—)0.3-1.8(-2) mm long, (0.2-) 
0.3-1.2(-1.5) mm wide; nectary prominent, recurved, and rising 0.2-0.4 mm above the toral rim; and fruits 
more prominently rugose. 


Grevillea ‘Section Manglesia unassignable to species “x sensu McGillivray & Makinson (1993: 186). 


Grevillea sp. Stirling Range (D.J. McGillivray 3488 & A.S. George). Western Australian Herbarium (1998-) 
https://florabase.dpaw.wa.gov.au/ (accessed 26 November 2020) 


230 Telopea 23: 227-235, 2020 Olde 


Seedlings not seen. Mature plant: An erect, somewhat wispy, seed-obligate, stenobasic, self-compatible shrub 
0.5-1.5 m high, c.1 m wide, with branches weakly ascending from low on the trunk. Branchlets 2-5 mm 
thick, subterete to slightly angular, substriate with glabrous ribs decurrent from the leaf base extending a short 
distance down the branchlet, elsewhere densely pubescent-tomentose to subvelutinous, the hairs 0.2-0.3 mm 
long, + uniform in length, dull, wavy to slightly curled, spreading, with contents mostly white. Adult leaves 
2-4.5 cm long, 2-5 cm wide, polymorphic, divaricately and deeply trisect, the primary leaf rachis angularly 
refracted at leaf nodes, ovate in gross outline, crowded, the lobes of different leaves frequently overlapping, 
ascending to spreading, petiolate, the distal leaves often once-divided, the remainder 3-5-sect, with up to 
three orders of division, most leaves biternate, the proximal leaves with tertiary orders of division; new growth 
reddish, glabrous or with scattered hairs; basal internode (1-)3-14 mm long, 1.25-2 mm wide, dimorphous, 
linear to very narrow-cuneate, alate, reduced in length when subtending axillary growth, suberect to spreading, 
straight or slightly incurved, subquadrangular in cross-section; non-alate segments 5-14 mm long, 1.25 mm 
wide, alate segments 1-5 mm long, 2 mm wide, the unfurled lamina up to 0.5 mm wide on each side of 
the midvein, the adaxial surface slightly concave, proximally tomentose, distally glabrous, the abaxial surface 
sparsely tomentose to glabrous, often fully exposed at the proximal sinuses; primary lobes 3; central lobe usually 
with secondary or tertiary tripartite division, rarely the distal leaves with central lobe undivided; ultimate 
central lobes (0.3—)0.6-1.8(-2.5) cm long, 1.5-1.8 mm wide, slightly to strongly descending, linear, straight 
to slightly incurved, not twisted; lateral lobes either simple or one or both either secondarily bi- or tripartite; 
ultimate lateral leaf lobes (0.3—)0.6-1.8(-2.5) cm long, 1.5-1.8 mm wide, spreading, linear, quadrangular in 
cross section, usually straight, twisted or not twisted, usually equal; apices of lobes acute, spinescent, pungent; 
spine 1-1.5 mm long, reddish, straight; margins angularly refracted about intramarginal vein; adaxial surface 
flat or concave and V-shaped, sometimes 2-channelled, smooth, usually a few hairs scattered around the 
midvein, otherwise glabrous, dull, the midvein and longitudinal intramarginal veins prominent, discolorous; 
abaxial surface bisulcate, mostly enclosed by the revolute margin, exposed and curly tomentose at the proximal 
sinuses of lobes, the midvein of the leaf and leaf lobes conspicuously raised, glabrous, sometimes with a few 
scattered hairs; sulcae 0.03-0.05 mm wide, spreading wider on the proximal sinuses, glabrous or with short 
curled hairs; texture rigid to coriaceous; petioles (1-)2-5 mm long, 1.3-2.4 mm wide, normal or alate, 3-merous, 
the medial axis sometimes extending down the branchlet at the point of attachment, the lateral segments 
spreading; adaxial surface concave, sparsely to moderately sericeo-tomentose, usually with scattered appressed 
short hairs; abaxial surface convex, pubescent to glabrous. Conflorescences 1.5-2 cm long, 1.5(-3) cm wide, 
mostly simple, axillary, occasionally subterminal on short side branches, rarely terminal, exceeding the leaves 
or just within the outer lobes, mostly confined to the upper axils; terminal and subterminal conflorescences 
simple, rarely 1-branched at base; axillary conflorescences simple; unit conflorescences 1.5-2 cm long, 1.5 cm 
wide, subglobose, 30-40 flowered, dense proximally becoming more open distally, acropetal; buds 6-7 mm 
long, 4-6 mm wide, sessile, globose to ellipsoid, not overarched by bractiform leaves, development shortly 
arrested; peduncles absent; floral rachises 10-40 mm long, 1.5 mm wide for 1-3 mm at base, 1 mm wide 
at apex, the apex without obvious vegetative extension, erect, usually straight, sometimes curved or slightly 
undulate, stout with slight distal taper, densely tomentose-villous at base, sericeo-tomentose distally, the hairs 
exceeding the rim of the floral nodes; rachis nodes prominent, crowded at base, the hairs tufted; peduncular 
bracts absent; involucral bracts 4 mm long, 3-5 mm wide, broadly ovate; common bracts (1.8-)2.5-4 mm 
long, 1.8-4 mm wide, broadly ovate to cordate, the abaxial surface sometimes with a subterminal apiculum 
or prominent raised central rib, concavo-convex with compressed marginal flap, the abaxial surface glabrous- 
ciliate, sometimes sericeous, caducous at early bud stage. Flower colour perianth and style white with creamy 
perianth limb. Flowers acroscopic; lightly to not nectariferous, fragrant, entomophilous, glabrous except 
where noted; pedicels white, 8-11 mm long, 0.2-0.3 mm wide, filamentous, the apex below the torus scarcely 
expanded, ascending, straight, crowded proximally; basal pedicels 8-11 mm long; distal pedicels 8-9.5 mm 
long; torus 0.4—0.5 mm long, squarish in polar view, scarcely wider than the pedicel apex, oblique at c. 25—40°; 
nectary absent to obscure and then rising c. 0.1 mm above the toral rim, U-shaped, the margin entire. Pistil 
4.5-5.5 mm long; gynophore 1.5-1.9 mm long; ovary 0.8 mm long, 0.5-0.6 mm wide, lateral, round to broadly 
ellipsoid in side—view, laterally compressed, wrinkled soon after fertilisation; style constricted above the ovary, 
then swollen; stylar constriction 0.3-0.5 mm long, 0.3 mm wide, incurved or straight; stylar swelling 1.5-1.7 mm 
long, 0.35-0.5 mm maximum width, tapering to 0.4 mm slightly below the style—end, ovoid to subcylindrical, 
pollen-presenter 0.7-0.9 mm long, subcylindrical to truncate—conical with straight to slightly incurved sides; 
base 0.4—0.5 mm wide, scarcely wider than but abruptly divergent from the style-end, transverse to oblique 
at 10-20°, sometimes slightly rimmed; stigma 0.2-0.5 mm wide, transverse to oblique at c. 10°, sometimes 
slightly flared. Perianth 3.7-4 mm long, 0.4-1 mm wide, actinomorphic; perianth tube green in bud, soon 
white, 2.5 mm long, 0.4-1.0 mm maximum width, narrowly obovoid, contracting below the limb into a neck 
0.4-0.7 mm wide; perianth limb cream to lemon-yellow, 1.2 mm long 1.2-1.5 mm wide, depressed globose to 
round; tepals 4-4.2 mm long, 0.3 mm wide at base, 0.7—-0.8 mm wide in upper half, 0.5 mm wide below the 
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limb; abaxial surface glabrous, smooth with midrib prominent; adaxial surface glabrous or a few scaly simple 
trichomes 0.1-0.2 mm long at base, papillose and usually farinaceous, the midrib obscure; tepal-limbs 1-1.2 
mm long, 1 mm wide, with prominent midrib. Fruits follicular, monospermous,7-11 mm long, 4.5-6 mm wide, 
oblong-ellipsoidal, transverse to very oblique on erect gynophore, the pedicel strongly curved, attachment 
subposterior 2-3 mm from base on dorsal side; fructual style lateral to the dorsal side, erect or decurved, 
sometimes slightly oblique; fructual pollen—presenter cylindrical; pericarp 0.4—0.7 mm thick along the suture, 
slightly thicker at the ends; exocarp almost smooth to moderately rugose with discontinuous rounded ridges 
and irregularly colliculate; mesocarp crustaceous; endocarp smooth, membranaceous. Seeds not seen. 


= 


Fig. 1. Grevillea pieroniae. Photo: I. Gilmour. 


Summary of diagnostic features: Seed-obligate, stenobasic habit; branchlets densely pubescent-tomentose 
with glabrous ribs; leaves petiolate with alate petioles 3-5 mm long, divaricately trisect, usually with secondary 
or tertiary division of the lobes; basal internode reducing in length and alate when subtending axillary growth; 
ultimate lobes linear to subulate, 1-2 cm long, mostly > 1.5 mm wide; margin angular, enclosing most of 
the abaxial surface except at the sinuses. Conflorescences axillary, simple, sessile; buds globose, up to 6 mm 
wide, with shortly arrested development; rachises 10-15 mm long, tomentose with tufted hairs on the nodes; 
common bracts broadly ovate, glabrous-ciliate or sometimes subsericeous or openly so on the abaxial surface, 
2.5-4 mm long, 1.8-4 mm wide; perianth glabrous, except few or solitary simple hairs at base of adaxial 
surface; nectary obscure; pollen-presenter cylindrical to truncate-conical, stigmas usually c. 0.3 mm across; 
fruits follicular, monospermous, with colliculose to faintly rugose exocarp; mesocarp crustaceous; fructual 
style with pollen-presenter cylindrical or truncate-conical. 
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Fig 2. Grevillea pieroniae showing enlarged inflorescence buds. Photo P.M. Olde. 


Distribution: Western Australia where known only from the central Stirling Range National Park, south- 
west Western Australia in three areas. It occurs in the Gnowangerup LGA, in the Fitzgerald Subregion of the 
Esperance Plains IBRA Region. 


Phenology: Flowering commences in mid-winter and extends into spring; fruits form more abundantly in 
late spring. 


Habitat and ecology: Grows near creek lines and areas of impeded drainage in elevated terrain comprising 
marri-jarrah woodland and proteaceous heath-shrubland with Hakea ferruginea, H. trifurcata, H. cucullata, 
Banksia gardneri, B. tenuis, Grevillea crassifolia, G. muelleri, Petrophile squamata, Isopogon spathulatus and 
Mesomelaena stygia in yellowish sandy loam or silt over laterite. 


Conservation status: Known from only three generalised locations within Stirling Range National Park. The 
areas of occurrence of populations range from 0.5—2 hectares each throughout which the species is nevertheless 
well represented. The population at the type locality is in decline with limb dieback and plant deaths observed 
since the mid-2000s. Habitat is infested with Phytophthora cinnamomi and the pathogen has been recovered 
from dead plants. However, the level of disease susceptibility is unknown. A conservation code of Priority Two 
has been determined for this species by the Western Australian Herbarium (1998-). 
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Fig 3. A. Inflorescence x 1. B. Flower before anthesis x 4. C. Flower after anthesis x 4. D. Pistil x 4. E. Leaf x 1.5. EF Bud of 
inflorescence x 3. G. Common bracts x 5. H. Leaf x 1. I. Leaf lobe cross-section x 20. J. Underside of leaf sinus exposed x 
4. K. Follicle x 2. Illustration: M. Pieroni. 


Etymology: Named for the botanical artist and author Margaret Pieroni née Hellmers (1936-) whose 
inspirational drawings, friendship and field knowledge have greatly advanced knowledge of the Australian 
flora, especially Banksia ser. Dryandra and Verticordia. 


Discussion: Although there is a perceived possible relationship to G. anethifolia, from which it is distinguished 
in the diagnosis and to which morphological keys and botanical opinion point, the actual relationship to this 
and other species in the Triloba Group is unknown and remains phylogenetically untested. It is unclear even 
as to what morphological character(s) are important to an assessment of relationship in this Group. 


The basal leaf internode of G. pieroniae shows a similar though less dramatic pattern of length reduction, 
associated with unfurling of lamina beside the midvein on leaves subtending axillary growth, to that of 
G. corrugata Olde & Marriott. Nonetheless, G. corrugata remains a distinct species, differing from G. pieroniae 
in its wider leaves (5-9 cm wide), its villous branchlets, its prominent nectary and its markedly rugose and 
larger follicles. 
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Other specimens examined: Western Australia: 8.8 km west north-west of Chester Pass Road on Stirling 
Range Drive, Stirling Range, PM. Olde 01/170 & N. Marriott, 13 Sep 2001 (AD, NSW, G, PERTH); On Scenic 
Drive, Stirling Range National Park, near The Abbey, D.J. McGillivray 3488 & A.S. George, 24 June 1976 (NSW 
900944, CANB, K, PERTH, US). 
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Abstract 


This is the first treatment of the family Octoblepharaceae for Australia. The only known Australian species, 
Octoblepharum albidum Hedw., is described and illustrated, and a map of its known and potential distribution 
in Australia is included. Octoblepharum exiguum Mull.Hal. is here treated as a new synonym of O. albidum. 


Introduction 


The moss family Octoblepharaceae consists of a single genus, Octoblepharum, known from subtropical and 
tropical regions worldwide. Salazar Allen and Chantanaorrapint (2018) listed 18 species of Octoblepharum in 
their summary of the global distribution of the genus and added one more. Salazar Allen and Gudino (2020) 
added an additional species, bringing the total number of accepted species to 20. Octoblepharum albidum has 
by far the widest distribution of any species in the genus (Salazar and Chantanaorrapint 2018). 


The taxonomic position of Octoblepharum Hedw. has long been in dispute (Santos and Stech 2017). It was 
originally included in Leucobryaceae (Schimper 1856). Cardot (1899) separated the Leucobryaceae into tribes, 
placing Octoblepharum in tribe Octoblephareae Cardot on the basis that the costa has no stereid band and the 
chlorocysts (green cells containing chloroplasts) are triangular in cross-section and in a single layer throughout 
the length of the costa. Fleischer (1904) later placed Octoblepharum with Leucophanes, Arthrocormus and 
Exodictyon in family Leucophanaceae. 


Andrews (1947) suggested, on the basis of peristome structure, that Octoblepharum should be placed in 
Calymperaceae, along with Arthrocormus and Leucophanes. However, Edwards (1979) noted that, on peristome 
characters alone, the relationships of Octoblepharum were less clear. 


Eddy (1990) included the genus in its own family, Octoblepharaceae, noting that “The combination of 
gametophyte features, monoecious (autoecious) reproductive system and peculiar peristome structure appears 
to set Octoblepharum apart from the Leucobryaceae on the one hand and Calymperaceae on the other, although 
the genus would seem to approach, for example, the Calymperaceous genus Arthrocormus much more closely 
than it does Leucobryum or Schistomitrium. The family was validated by Menzel (1991). 
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Recent molecular phylogenetic studies have clarified the relationships of Octoblepharum. Using two 
chloroplast markers, La Farge et al. (2000) found Arthrocormus, Exostratum and Leucophanes to be nested 
within Syrrhopodon, Leucobryum to be distantly related to that clade, and Octoblepharum to be the sister group 
to the Calymperaceae, supporting Eddy’s (1990) establishment of the monogeneric family Octoblepharaceae. 
A phylogenetic analysis by Fisher et al. (2007) investigating the monophyly of Syrrhopodon, and a detailed 
analysis of haplolepideous mosses by Stech et al. (2012), supported this finding. 


This position was further reinforced by the comprehensive study of Santos and Stech (2017), who analysed 
21 Octoblepharum samples representing four putative species: O. albidum (pantropical), O. arthrocormoides 
Mitt. (tropical Asia), O. cocuiense Mitt. (Central America) and O. pulvinatum (Dozy & Molk.) Mitt. (Central 
America), together with an extensive molecular dataset (Stech et al. 2012) and an additional 12 Calymperaceae 
samples. They found strong divergence between Calymperaceae and Octoblepharum and recommended that 
Octoblepharum should be separated in Octoblepharaceae because of significant morphological synapomorphies 
of leaf shape and leaf anatomy. Inferences on evolutionary relationships between Octoblepharum species 
are complicated by variation in the number and ornamentation of peristome teeth; eight species have eight 
peristome teeth as described in the protologue (Salazar Allen and Gudino, 2020); the remaining species have 
16, or, as with O. arthrocormoides, sporophytes not seen (Salazar Allen 1991; Salazar Allen and Tan 2010). 
Santos and Stech (2017) recommended further studies on peristome structure and ornamentation. 


Based on morphological characters and molecular analyses identified by Santos and Stech (2017), family 
Octoblepharaceae is now recognised by the online Classification of Extant Moss Genera (Goffinet and Buck 
2020; pers. comm. B. Goffinet, Sept. 2020), and by the online Australian Moss Name Index (AusMoss 2020). 


Octoblepharum is often described as a leucobryoid genus because of the Leucobryum-like leaf cross-section, in 
which chlorocysts (green cells containing chloroplasts) are sandwiched between layers of larger, thin-walled 
cells lacking chloroplasts (hyalocysts), so that the overall colour is often glaucous or pale green. 


Leaf structure in Octoblepharum is quite different from Arthrocormus and Exostratum in having a single, 
centrally-located layer of mostly triangular chlorocysts surrounded by two or more layers of porose hyalocysts. 
Each chlorocyst is surrounded by 3 or 4 hyalocysts and, like Exostratum (described by Ellis 1985) but unlike 
Leucophanes, the leaf lacks a stereid band. Octoblepharum shares with Leucophanes a single central layer of 
chlorocysts surrounded by layers of porose hyalocysts. 


The following key can be used to separate the five leucobryoid genera known from Australia. Figure 1 illustrates 
the typical habit of these genera. 


Key to the leucobryoid genera in Australia 


1 Insection, costal chlorocysts arranged in a single medial layer ........ eee eeeecceseescesececeeseeeceseeeccecceneeneeseeeeeees 2 
1: In section, costal chlorocysts arranged in three layers (adaxial, medial and abaxial) ..... ee eeeeeeeeees - 
2 Costa including a narrow longitudinal band of stereids....... eee eeseseeeececeeeceeeeeeeceeecenceseeeeees Leucophanes 
Ds SO Sta Taki SOTA oc cccccosncenaeqinoncoorsazhanp bang tees aed ten tee eatenetnastnasioniat nedtan diced gpa gpedbvos Gens taanencuge avgbaka berate tsiandten teresa 3 
3 Leaves oblong-linear, spreading widely; chlorocysts + 3-sided in cross-section; 

PEBISEOTIS- ORG ACCU ~.  teotreatottantenctneheraboetacen nceesieten taint lie cass dade tem tactooutentrasseneteeterea te Octoblepharum 
3: Leaves ovate-lanceolate to linear-lanceolate, imbricate to somewhat spreading; 

chlorocysts + 4-sided in cross-section; peristome Of 16 teeth ...... cee eeecsseseeseeeceeceeecesceeeeeeenees Leucobryum 
4 Leaves very fragile, commonly missing the apical Portion .......... cc ceeesseseeteeseeeeeeneeceeeeeeeeeeeees Arthrocormus 
Bie NC AM ESTAS ET AOI Fan. 8.8 book beteanainp evans con cangend Read eed Lesh Resbanbeausiivcanedaatdeea tit aaeten book botnspsnenanapae dapcnetnd tced debe Exostratum 


The Santos and Stech (2017) study also identified a considerable intraspecific variability in O. albidum, ‘which 
may correspond to morphologically distinguishable groups within a species complex. Worldwide, Octoblepharum 
albidum shows little variation in gametophytic morphology. However, distinctive differences in peristome 
structure and ornamentation within specimens previously identified as O. albidum suggest there exists ‘a complex 
of cryptic species (Salazar and Chantanaoorapint 2018), warranting a review of herbarium specimens. 
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Fig. 1. A Leucophanes glaucum (Schwagr,) Mitt. B Octoblepharum albidum Hedw. C Leucobryum aduncum Dozy & Molk. 
var. aduncum. D Arthrocormus schimperi (Dozy & Molk.) Dozy & Molk. E: Exostratum blumei (Nees ex Hampe) L.T.Ellis. 
Scale bars are 10 mm. (Photos: D.A. Meagher) 


Only Octoblepharum albidum Hedw. has been accepted for Australia. A second species, O. exiguum was 
reported in 1881 from Goods Island, near Thursday Island, close to the northern tip of Cape York. The type of 
this species has been lost, although Catcheside (unpublished manuscript, cited in Salazar Allen and Tan 2010) 
considered it likely to be a small form of O. albidum. Another collection from Goods Island made by Powell in 
1883 has been identified as O. albidum (MEL-1000988A). 


Octoblepharum benitotanti N.Salazar & Chantanaorr., recently described from Thailand and Indonesia, has 
long, narrow, tumid leaves with long-acuminate apices (Salazar Allen and Chantanaorrapint 2018). Although 
its gametophyte characters are close to those of O. albidum, the peristome ornamentation is closer to the 
neotropical O. cylindricum Schimp. ex Mont. (Salazar Allen and Chantanaorrapint 2018). Because of the 
proximity of Australia to Indonesia and the occurrence of numerous bryophyte species in both Thailand and 
tropical Australia, O. benitotanii might occur in northern Australia. However, in the absence of a comprehensive 
review of Australian collections, we treat all Australian records here as Octoblepharum albidum. 
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Taxonomic Treatment 


(Note: !d following a herbarium catalogue number means a digital image of the type has been seen.) 
OCTOBLEPHARACEAE A.Eddy ex M.Menzel 
Type: Octoblepharum 


Whitish green or brown-tinged mosses forming compact tufts on the bark of trees, occasionally on rock 
or soil; stems lacking a central strand. Leaves erecto-patent to spreading, with a cuspidate to mucronate to 
long-acuminate apex, an obovate sheathing hyaline base and rigid ligulate limb composed of several layers 
of quadrate to rectangular leucocysts above and below a medial band of triangular chlorocysts; leucocysts of 
parenchymatous appearance, cells arranged in alternate positions within layers, corresponding to triangular 
chlorocysts (in costa cross-section). True lamina a single layer of hyaline cells, broad at the base, tapering up 
margins of limb. Monoicous. Perichaetia terminal on main shoots; perigonia inconspicuous, in axils of upper 
leaves. Calyptra small, cucullate. Setae terminal. Capsules erect, ovoid to cylindrical. Peristome variable, of 
8 single teeth with a median dividing line, or 16 in 8 pairs, rigid, flattened, inner and outer layers appearing 
multicellular; preperistome hyaline, to 1/3-1/2 length of teeth. 


Octoblepharum Hedw., Sp. Musc. Frond. 50. 1801 

Type: Octoblepharum albidum Hedw. 

Description as for the family. 

A predominantly pan-tropical genus of about 20 species, the centre of maximum diversity being Central America. 


Etymology: oktos (eight) + blepharon (eyelid), alluding to the eight-toothed peristome in the type species. The 
name was first coined, as Octoblepharis, in the 8th edition of Linnaeuss Genera Plantarum (Schreber 1791: 
758), before the starting date for non-Sphagnum mosses. Hedwig (1801) preferred the root blepharon over 
blepharis (eyelash). 


Octoblepharum albidum Hedw., Sp. Musc. Frond. 50. 1801 
Original material: ‘E Providentiae insula accepterat Dillenius, Swartz in Jamaica; procul dubio terrestre. 


Syntypes: Colombia, Isla de Providencia [Providence Island colony], s.coll., s.n., s.d.; Jamaica, Swartz s.n., 
1783-1786 (BM-000729628!d LD-1734098!d LD-1738316!d SBT-10417!d) 


Note: Although appearing to relate to a single gathering, the type citation in fact refers to two gatherings, 
specimens derived from which are thus syntypes, as indicated above. BM-000729628!d is a duplicate of the 
second syntype, from Jamaica (det. Noris Salazaar Allen 1990), as are LD-1734098!d, LD-1738316!d and SBT- 
10417!d (det. E. Nyholm 1974). No lectotype has been designated. 


= Octoblepharum exiguum Mull.Hal., Gen. Musc. Frond. 88. 1901, syn. nov. 
Original material: “Torres-strasse nimmt auf Goode-Island, wo es W. Powell 1881- 
Type: Australia: Torres Strait, Goods Island, W. Powell s.n., 1881; holotype B (destroyed); isotype PC-0695017!d 


Goode Island is now known as Goods Island. Walter Powell was on Goods Island from about 1878 to 1887, 
initially as a signalman and later the lighthouse keeper (Wikipedia 2020). A possible additional isotype 
(MEL-1000988A!d) is dated 1883, which disagrees with both the protologue and the isotype in PC. We have 
therefore assumed that this material is a later collection and not part of the original gathering. The isotype in 
PC consists of a single stem with a sporophyte. The holotype was almost certainly in Millers herbarium in 
B and destroyed by fire after being bombed on the night of 1-2 March 1943. Although PC-0695017 could be 
selected as lectotype, the specimen is so paltry that we hesitate to do so until a thorough search is made for 
other original material. 


Illustrations: Figure 1. Also Magill (1981, p. 162, f.44, 1-9), Eddy (1990, p. 32, £186), Reese (2007, p. 664). 
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nl = 1.0 mm for plant 


Lene tenes t = 1.0mm for leaves 


Lt tnntdntiniontontid = 1()) rn for cells, sections 


Fig. 2. Octoblepharum albidum Hedw. A, B: Habit of plants, drawn moist. C, D: Stem leaves. E: Cells of leaf apex. F: Cells 
of hyaline lamina. G, H: Sections of leaf limb. I, J: Sections of leaf base. K: Stem section. Drawn from: Queensland: North 
Kennedy District; Track to Cochable Creek camp site from Cardstone Road, south of Tully, A.Cairns and D.A.Meagher 
WT-603, 27 May 2015, 83 maz.s.l. Scales: = 1.0 mm for plants; = 1.0 mm for leaves; = 100 um for cells, sections. (Illustration 
by R.D.Seppelt) 
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Plants forming low tufts, whitish or tinged with brown. Stems densely foliate, simple or irregularly branched, 
lacking a central strand, 1-2 cm tall; rhizoids dark reddish-brown. Leaves 4-7 mm long, 0.4 mm wide, 
ligulate, of solid texture, parallel-sided, typically recurved-spreading from an oblong or obcuneate, slightly 
broadened sheathing base, and then abruptly narrowed to a subacute, obtuse, or shortly mucronate apex; 
margins smooth; costa occupying entire strap-shaped portion of leaf, surface slightly planoconvex in mid- 
leaf, composed of 2-3 layers of adaxial and abaxial hyalocysts on either side of a medial layer of chlorocysts, 
the chlorocysts narrow, mostly + triangular in section; hyaline lamina a single layer of hyaline cells forming 
broad wings of the sheathing base, narrowing upwards and disappearing about 1/3-1/2 leaf length, lacking 
a differentiated border. Autoicous. Perigonia bud-like in axils of upper leaves; perichaetia inconspicuous. 
Seta 4-7 mm long. Capsule ovoid, urn brown, 1.0-1.5 mm long, c. 0.5 mm wide, widest just below middle; 
operculum long-rostrate, c. 0.8 mm long, the beak straight in young capsules but becoming strongly oblique 
before dehiscence. Peristome teeth 8, narrowly triangular, smooth below, and papillose distally; outer surface 
reticulate; preperistome translucent, reaching 1/3-1/2 height of teeth. 


Distribution: In Australia, Octoblepharum albidum is known from the Kimberley region of Western Australia, 
the tropical north of the Northern Territory, and in Queensland from Torres Strait islands and Cape York, as 
far south as Maryborough, about 260 km north of Brisbane (Fig. 3). Elsewhere it is widespread and pantropical 
and subtropical in distribution, including southern United States of America, Caribbean, Central America, 
South America, west Africa, Central Africa, South Africa, Madagascar, Seychelles, Thailand, southern China 
(Hainan Island), Malesia, the Philippines, Hawaii. 


Habitat: Epiphytic on the trunks of trees, palms and Pandanus, and on tree stumps and occasionally on rock 
and soil, in tropical and subtropical woodland and forest. 


Fig. 3. Distribution of Octoblepharum albidum in Australia. Dots indicate locations of specimens held in Australian 
herbaria (data from AVH 2020). Green shading indicates the inferred maximum range according to the extent of known 
habitat (based on Scarth et al. 2019, Fig. 11). 
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Recognition: The characters in the key to Australian leucobryoid genera (above), together with Fig. 2, may be 
used to separate Octoblepharum from similar Australian genera. 


Octoblepharum is easily distinguished in the field by its pale colour, oblong-linear leaves, and the star-like shoots 
when viewed from above. When fertile, the eight-toothed peristome is a further distinguishing character. 


Although somewhat similar in appearance to Octoblepharum, Arthrocormus is readily distinguished by its 
green and very fragile leaves. Leucophanes octoblepharoides has leaves that are green, linear-lanceolate, and 
V-shaped in cross-section, with a distinctly acute apex. Leucobryum has ovate to linear-lanceolate leaves that 
also have an acute apex, and the colour when moist is often green or bluish-green. Exostratum has green leaves 
that taper to a very narrowly acute apex. 


In leaf cross-section it is readily distinguished by its triangular chlorocysts. Leucophanes has a stereid band in 
the costa, and Arthrocormus and Exostratum have three chlorocyst layers. Leucobryum has a true medial costa. 
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